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The Right Direction 


prox and steel prices were increased by an average of 


6% at the end of 1956, and as recently as last July, 
they were raised a further 7$°%,. In the face of these 

res, the recently announced reduction in iron and 
steel prices—amounting on average to something of the 
order of 14°,—may seem trifling, but it is in fact a 
matter of some significance on a number of counts. In 
the first place, it is the first reduction in these prices 
since before the war: all the intervening changes have 
been in an upward direction. Secondly, it represents the 
first cut in prices by a basic industry in Britain. There 
have, of course, been cuts in a wide range of products 
recently, including oil, tyres, commercial vehicles, 
electric light bulbs, ete., but these, whilst possibly being 
of more obvious effect to the man in the street, may not 
have such far reaching consequences as the reduction in 
price of a basic material like steel. Thirdly, apart from 
the lower French iron and steel prices resulting from the 
devaluation of the franc last year, this is the first reduc- 
tion in steel prices by a major producing country since, 
before the war. Finally, the decision to reduce prices is 
in line with similar decisions in other less basic sections 
of industry. 

How has this reduction come about? To give the 
literal answer first, the Iron and Steel Board—a public 
body responsible for fixing prices and regulating other 
aspects of the iron and steel industry—decided on 
grounds of public interest that the time had come to 
reduce steel prices. The British Iron and Steel Federa- 
tion, the body representing the steel producing companies 
has agreed that the Board’s decision is right. The 
Federation appreciates that production costs could 
increase over the coming months, but the industry never- 
theless hopes to maintain stable prices in the foreseeable 
future. So much for the mechanism—what about 
causes! The present reduction has been made possible 
by the lower cost of imported materials, which, combined 
with the higher productivity achieved as a result of a 
long and expensive investment programme, has more 
than offset the rise in costs, mainly for labour, since last 
July. Altogether, imports are expected this year to cost 
the industry between £20 million and £24 million less. 
On the other hand, labour and other costs will be up by 
between £10 million and £14 million, so that the net 
saving will be about £10 million, which is being fully 
passed on to consumers. 

The reduction in the iron and steel industry’s import 
bill is mainly due to a fall in imported ore costs. Iron ore 
has been somewhat cheaper at overseas sources, but the 
principal saving has resulted from the slump in ocean 
freight rates. Furthermore, the industry has reduced its 
intake of foreign pig iron and scrap, in consequence of the 
increased blast furnace capacity now available. At the 
moment, the industry is importing no steel scrap at all, 
and this should make for a dollar saving this year 
between $40 million and $50 million. 
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As was stated earlier, the average reduction in price is 
about 14%; for a wide range of products it is about 1°,,, 
but for tinplate from the new plants at Trostre and 
Velindre it is 3°,—an appreciable reduction. This was 
the subject of a separate announcement by the Steel 
Company of Wales who explain : “ These plants can roll 
economically a wide enough range of thicknesses to give 
can and box makers the right material to produce 
competitive packages in a variety of fields. The old-type 
handmills could not make these products at so high and 
consistent a quality, or at so low a cost. The thinner the 
plate made on the handmills the greater the amount of 
manual work that had to be put into the job, and, 
therefore, the greater the cost. The continuous mills of 
Trostre and Velindre produce their range of thicknesses 
in one operation. With the closing of the old-type and 
incompetitive plants, the issue of a new price schedule 
reflecting the full benefit of modernisation is therefore a 
logical step.”” Thus, the heavy capital expenditure on 
plant in this section of the industry is beginning to show 
results, not only in respect of price reduction, but in 
improvement of quality and uniformity of product, a 
most important point in modern can and box production 
lines. 

Although the drop in steel prices is too small to make 
a great difference to the costs of industry, the Board’s 
decision is generally welcomed as a step in the right 
direction. The precise effect of the cut cannot be 
estimated : the proportion of the cost of steel to total 
costs of production in the steel-using industries varies 
from 10°, to 25°,. The cost of a 15,000-ton tramp ship, 
which is around £1 million, might be reduced by about 
£4,000, and the cut in the total annual cost of steel to the 
shipbuilding industry might be of the order of £500,000. 
Other annual savings have been estimated as follows : 
National Coal Board, £350,000; the motor industry, 
£750,000 on steel sheet and a like sum on all steel 
products used in vehicles; constructional industry, 
£600,000. Quite apart from savings such as these, the 
news that steel prices have been cut may help to come 
to a decision those manufacturers who have been 
wondering whether they should lower their prices. If 
they do, the cost of living index, which has been stable 
for the last six months, may begin to fall—provided of 
course that wage claims now under way do not push up 
costs again and undo the benefit of cheaper raw materials. 

Two of the factors making possible the reduction in 
steel prices—the cutting of the import costs of pig iron 
and scrap, and the improved productivity, particularly 
in tinplate—are largely the result of heavy capital 
expenditure, and additional improvements are likely to 
follow further investment of this type. It is extremely 
unfortunate, therefore, that the ability of the industry 
to finance future expansion should be prejudiced at a 
time like the present by the threat of re-nationalisation 
which hangs over it, raising fresh doubts about the future 
of our national economy, for the bad effects of nationalis- 
ation would not be confined to the steel industry. 
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Meeting Diary 


10th April 


Institute of British Foundrymen, Beds. and Herts. 
Section. Annual General Meeting, followed by paper of topical 
interest. K. & L. Steelfounders and Engineers, Ltd., Letchworth. 
7.30 p.m. 


llth April 


West of Scotland Iron and Steel Institute. “ From 
Furnace to Mould—A Symposium.’ Papers by T. McCu.tocu, 
T. Urte and R. McDonaip. 39, Elmbank Crescent, Glasgow. 
6.45 p.m. 


15th April 


Institute of British Foundrymen, East Anglian Section. 
Annual General Meeting, followed by an Open Discussion on 
Foundry Topics and Problems. Lecture Hall, Publie Library, 
Ipswich. 7.15 p.m. 


Society of Instrument Technology, Manchester Section. 
** Modern Applications of Optical Techniques,” by G. E. Fisurrer. 
College of Science and Technology, Manchester. 7.30 p.m. 


15th-19th April 


Institute of Metal Finishing. Annual Conference. 
Hotel, Torquay. 


Palace 


16th April 


Incorporated Plant Engineers, Kent Branch. *Jointings,” 
by W. E. Hors. Railway Hotel, Dartford. 7 p.m. 


Society of Chemical Industry, Corrosion Group. Annual 
General Meeting and Spring Lecture : * Corrosion Research and 
its Industrial Background,” by W. H. J. Vernon. 14, Belgrave 
Square, London, 8.W.1. 6.30 p.m. 


17th April 


Society of Chemical Industry, Corrosion Group. Annual 
General Meeting of Education Panel. 14, Belgrave Square, 
London, 8.W.1. a.m. 


18th April 


Manchester Federation of Scientific Societies. 
sazione and Exhibition on the subject of * Heat.” College of 
Science and Technology, Manchester. 6.30 p.m. to 10 p.m. 
The Exhibition will also be open to the public on Saturday, 19th 
April, from 10 a.m. to 5 p.m. 


Conver- 


23rd April 


Institute of British Foundrymen, London Branch. 
Annual General Meeting, followed by Short Paper Competition 
open to all branch members. Full particulars to be announced 
later. Constitutional Club, Northumberland Avenue, London, 
W.C.2. 7 p.m. 


Institute of British Foundrymen, Southampton Section. 
Annual General Meeting, followed by a lecture and film ** Modern 
Malleable.”” Technical College, St. Mary's Street, Southampton. 
7.30 p.m. 


Institution of Mechanical Engineers. Discussion : *“Teach- 


ing the Fundamentals of Automatic Control.” 1, Birdcage Walk, 
Westminster, London, 8.W.1. 5.30 p.m. for 6 p.m. 


24th April 
Institution of Engineering Inspection, North Western 
Branch. * The Principles of Gauge Design,” by W. H. Foster. 
The Engineers’ Club, Albert Square, Manchester, 7.30 p.m. 


25th April 
Institution of Mechanical Engineers. James Clayton 
Lecture : ‘ Large Pipeline Projects,” by A. C. Hartiry, C.B.E. 
1, Birdeage Walk, Westminster, London, 8.W.1. 5.30 p.m. for 
6 p.m. 


28th April-2nd May 


Institute of Metals. Golden Jubilee Meeting at Church 
House, Great Smith Street, London, S.W.1. 


29th April 


Institute of Metals. May Lecture. Church House, (nq 
Smith Street, London, S.W.1. 


Ist May 

Institute of Metals. All-day Symposium on Advanees jy 
Inspection Techniques as Aids to Process Control in Non-Ferroy: 
Metals Production. Church House, Great Smith Street, London, 
S.W.1. 

Leeds Metallurgical Society. ‘‘ Chromising,” by M, |, 
Becker. This lecture will be preceded by the Annual Gener 
Meeting. Lecture Room C, Chemistry Wing, The University 
Leeds, 2. 7.15 p.m. 

Southampton Metallurgical Society. ‘‘ Modern Meta). 
lographic Techniques,” by M. A. HauaGuton. Southampton 
University. 7.15 p.m. 


8th May 
Incorporated Plant Engineers, Glasgow Branch. ~ ()jj 
Firing as Applied to Steam Raising Plant,” by A. W. Rooyry 
Scottish Building Centre, 425/427, Sauchiehall Street, Glasgow, 
7.15 p.m. 


12th May 
Incorporated Plant Engineers, Merseyside and North 
Wales Branch. ~* Heat Exchangers,” by Mr. Fawunsery, 
The Blossoms, City Road, Chester. 7.15 p.m. 


13th May 
Society of Instrument Technology, Manchester Section. 
* Magnetic Amplifiers.” by Dr. D. A. BELL. College of Science 


and Technology, Manchester. 7.30 p.m. 


16th May 
West of Scotland Iron and Steel Institute. All-day 
Conference on ‘ Metallurgical and Engineering Aspects of 
Weight-Saving in Steel Structures.” For decails see page 142 of 
the March issue. 


21st May 


Incorporated Plant Engineers, Kent Branch. “ Main 
tenance of Shell Boilers,” by J. N. Wititams. King’s Head 


Hotel, High Street, Rochester. 7 p.m. 


£500,000 Furnace Contract 


Some of the most important advances in technique and 
productivity in the steel industry have been made in the 
sheet and strip mills. Impressive developments in this 
field have linked together a number of consecutive 
process units into what is virtually a single monster 
production machine. Since annealing, normalising and 
other furnace operations are inherent in the production 
of special cold-rolled steels, the integration of these 
processes into the flow-line is an important factor in such 
schemes. An example of the attention paid to this aspect 
is a new contract for electric furnaces, worth approxin- 
ately £500,000, placed with Birlec, Ltd., by the Newport 
Division of the Steel Company of Wales, Ltd., for the 
production of special grades of steel for the electrical 
industry. Seventeen Birlec furnaces have already been 
installed by the Steel Company of Wales. 

Titanium Offer by Jessop 
Jessop & Sons, Lrp., the Sheffield steel- 
makers, who installed production scale titanium melting 
plant in 1956, are now offering to industry supplies of 
titanium alloys on attractive terms for development 
projects. The range of Hylite titanium alloys can be 
supplied as billets, forgings, drop stampings, bar, rod and 
wire; and in certain grades as sheet, strip, tube and 
extruded sections. The production facilities are shortly 
to be augmented by the installation of a new consumable 
electrode arc-melting furnace—the largest in Europe— 
which will enable ingots up to 24 in. in diameter and 
3 tons in weight to be produced. 


METALLURGIA 


Ac 


The 


Th 
si0 


is 
mixtu 
on fou 
hase 
of 
reasor 
liquid 
scalin 
depen 
of ap 
to cal 
obser 
1,200 
as a 
it, lor 
tive f 


3 
| 
| 
| 
| 
throu 
in a. 
not V 
the n 
It 
the r 
: vana 
wher 
high 
on tl 
as a 
mate 
oxid 
resu 
nick 
Tab 
250 
toxi 
W 
air 
due 
inst 
nick 
166 Api 


186, 


Vances in 
N-Ferroys 
, London, 


M1 


Genera 


iversity: 


Metal. 
1amptoy 


“Oil 
‘lasgoy 


North 
NBERN, 


ction 


Science 


II-day 
of 
142 of 


Main- 
Head 


and 
the 
this 
tive 
ster 
and 


uch 


‘he 


Accelerated High Temperature Oxidation 
due to Vanadium Pentoxide 


By K. Sachs, M.Sc., Ph.D., A.I.M. 


G.K.N. Group Research Laboratory, Wolverhampton. 


Gas turbines running on residual oils from the distillation of crude oils would be an economic proposi- 


tion in many marine and land-based applications, but trouble is experienced in the case of oils from 
several sources in that such oils are rich in a corrosive ash, which clogs up the turbine and attacks metal 


components operating at high temperatures. 


This phenomenon has been attributed to the vanadium 


pentoxide in the ash, either alone or in combination with other substances, and in this article the author 
discusses the problem in the light of the results of a number of investigations. 


The Mechanism of Vanadium Pentoxide Attack 
T has been demonstrated repeatedly that severe corro- 
| sion starts at a certain threshold temperature, which 

is associated with the melting point of the corrosive 
mixture.!? 7-17 It is fairly clear from all observations 
on fouling and rapid scaling in gas turbines that a molten 
phase is present in the oil ash whenever significant build- 
up of ash or corrosion products occurs, and it seems 

reasonable enough to assume that the presence of a 
liquid oxide would have a profound effect on the rate of 
sealing. All metals operating at high temperatures 
depend for their resistance to oxidation on the presence 
of a protective oxide film ; at temperatures high enough 
to cause local fusion of this film, accelerated attack is 
observed, e.g. in nickel-chromium steels at 1,150°- 
1,200° C.1° Molten vanadium pentoxide presumably acts 
as a flux which attacks the protective film and dissolves 
it, locally at least. Oxidation resistance due to a protec- 
tive film is related to the diffusion of metal and oxide ions 
through the oxide; the rate of diffusion is much faster 
in a liquid than a solid phase, and the molten oxide is 
not very effective in preventing access of the oxygen to 
the metal surface. 

It has been shown®* that sodium sulphate assists 
the rapid oxidation of stainless steel in the presence of 
vanadium pentoxide at relatively low temperatures, 
where it lowers the viscosity of the liquid phase, but at 
high temperatures, where the effect of sodium sulphate 
on the viscosity of molten mixtures is negligible, it acts 
asadiluent. Further evidence that vanadium pentoxide 
acts as a flux is derived from the observation that 
materials which are not protected against oxidation by 
a film of chromic oxide suffer no catastrophic increase in 
oxidation due to vanadium pentoxide. Comparative 
results for nickel and for a number of heat resistant 
nickel alloys, as well as 18 /8 austenitic steel, are given in 
Table 1V.'6 Small sheet specimens were exposed for 
250 hours at 850° C. with small heaps of vanadium pen- 
toxide on the surface. 

While it is conceded that the oxidation of nickel in 
air alone is so heavy that the figure for the loss of weight 
due to vanadium pentoxide has little significance in this 
instance, it seems fair to conclude from these results that 
vanadium pentoxide has not enhanced the scaling of 
nickel beyond that observed in air alone, while the 
chromium-containing alloys show a profound, and in 
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(Continued from page 137 of the March issue) 


TABLE IV.—RESULTS OF TESTS ON VARIOUS MATERIALS HEATED AT 
FOR 250 HOURS IN CONTACT WITH VANADIUM PENTOXIDE.'* 


s50° 
Weight of | Weight Weight Loss 
Material V,05 Loss due to VO, 
(mg.) (ing.) | (my.) 
” } 793-6 
457-2 
SON, ” 21-8 
| %-2 
Inconel (80. Ni, Cr, Fey | ” | 13-6 | 
| 22-6 
9-8 | 36-0 11-4 
56 151-8 134-8 
10-4 | 163-0 M70 
18 Cr, & Ni Steel 24-2 
5-6 49-9 
10-0 394-6 | 370-4 


some cases a catastrophic, increase in the rate of oxida- 
tion. The inference is that vanadium pentoxide has 
rendered ineffective the film of chromic oxide which 
normally protects these alloys. It is worth noting, 
however, that some protective effect seems to have been 
retained—even in the presence of vanadium pentoxide, 
the heaviest weight loss of chromium-containing alloys 
is less than half that of pure nickel in air. Shorter tests— 
for 100 hours at 850° C.—do not show these effects quite 
so clearly, mainly because the effect of vanadium pen- 
toxide is more pronounced in the first 100 hours and then 
tends to level off (cf. Fig. 10). It has also been observed 
that chromium steels tested at rather high temperatures, 
where they are no longer resistant to oxidation, show 
only a limited susceptibility to further increase in the 
rate of scaling due to vanadium pentoxide.'* Lucas, 
Weddle and Preece® have carried out a specific experi- 
ment to show that vanadium pentoxide makes the 
protective chromic oxide film ineffective. Fe-20°, 
Cr, Ni-20° Cr, and Co-20°, Cr. were heated for five days 
at 725°C. in air; 1-6 mg. V,O; was then put on the 
surface and the specimens were heated again. The results 
are illustrated in Fig. 24. The behaviour of the pure 
metals in air is shown in the diagram on the left, and the 
oxidation of the alloys with 20%, Cr on the right. 
Resistance to attack by vanadium pentoxide is in line 
with the oxidation resistance of the base metal, and it is 
inferred that the main effect of vanadium pentoxide is 
to eliminate the protection normally conferred on the 
alloys by the chromic oxide scale. 

The same authors” have studied fluxing in some detail, 
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Fig. 24.--(a) Oxidation of iron, cobalt and nickel after 24 

hours at 800° C. in air ; (b) oxidation of iron-chromium, 

cobalt-chromium, and nickel-chromium alloys after 120 

hours at 725° C. in air (A), after surface addition of 1-6 

mg. vanadium pentoxide and further heating for 120 hours 
at 725° C. (B); Cis the sum of A and B.”* 


determining the solidus of a number of binary mixtures 
of vanadium pentoxide with other oxides by a Seger 
cone technique. The curve of the V,0; — Cr,O, system 
is shown in Fig. 25 ; there is a steep rise between 25 and 
30°, Cr,0,, so that the compositions likely to be found 
on the surface of metals are likely to be predominantly 
solid. In the absence of a full phase diagram, it is 
difficult to estimate what proportion of vanadium 
pentoxide is required to produce small amounts of a 
liquid phase, but it has been shown’? that progressive 
dilution of vanadium pentoxide will not prevent severe 
oxidation until the vandium pentoxide content is as low 
as 1°, ; since it is unlikely that a liquid phase persists at 
such low contents of vanadium pentoxide, it follows that 
fluxing is not the only mechanism involved. 

The oxidation at 700° C. of pure electrolytic chromium” 
is greatly intensified by the presence of as little as 
0-05 mg. V,O,; it is particularly rapid in the early 
stages, presumably while a liquid phase is present. The 
conclusions drawn by the authors are worth quoting at 
length.** 

“It appears, therefore, that the oxidation of pure 
chromium, instead of following the asymptotic type of 
curve, which it would otherwise do at this temperature, 
is changed in the presence of vanadium pentoxide to a 
parabolic form with a very rapid diffusion rate. It is 
likely that, in the case of a single vanadium pentoxide 
addition, the slowing down of the oxidation rate is due 
mainly to the effect of scale thickening, rather than the 
dilution of the vanadium concentration. Only a trace 
of vanadium seems to be necessary to promote diffusion 
of chromium and or oxygen through the scale, and it 
continues to distribute itself by solid diffusion throughout 
the entire scale layer. In practice, however, where a 
continuous deposition of vanadium-bearing ashes is 
likely to occur, only the initial stages of the curve are 
important. The severe corrosion which takens place 
under such conditions is clearly related to the maintenance 
of a high concentration of vanadium pentoxide in the 
scale and the consequent rapid oxidation rate.” 

It has been postulated by some authors that it is 
vanadium pentoxide vapour which is the main cause of 


catastrophic oxidation *“*°. Although this has bee 
disproved’® ?? in experiments which will be describ 
below, there is some evidence that vanadium pentoxi 
in the vapour phase causes a significant increase jp 
oxidation. Fitzer and Schwab*® exposed specimens t, 
pure oxygen as well as to oxygen saturated with vanadiyn 
pentoxide vapour, and compared the weight losses with 
those obtained when the specimens were dipped occasion. 
ally in molten vanadium pentoxide. The results, jy 
Fig. 26, show that vanadium pentoxide vapour greatly 
enhances the oxidation of copper and of a chromium 
steel, and has some effect on pure nickel, but very little 
effect on pure iron. The presence of liquid vanadium 
pentoxide is, however, much more profound than the 
vapour in its influence on oxidation. 

The conclusion appears inescapable that there js 
another mechanism, in addition to fluxing, by whieh 
vanadium pentoxide enhances the rate of oxidation 
Whatever this mechanism is, it leads to accelerated 
oxidation in the absence of a liquid phase, but it may 
still operate even when a flux is present, and thus lead 
to a further accentuation of the catastrophic attack 
There is no dearth of proposals for such subsidiary or 
even alternative mechanisms. 

One of these, based on Wagner’s theory, postulates 
a profound increase in the rate of diffusion of metal ions 
through the oxide layer as a result of an increase in the 
number of lattice vacancies in the oxide—a metal. 
deficit semi-conductor such as ferrous oxide or nickel 
oxide—owing to the presence of an oxide with a high. 
valency cation in the vapour phase.!® The revers 
mechanism, a profound decrease in the rate of oxidation 
of nickel in air loaded with lithium oxide has been 
demonstrated experimentally ;!® lithium has a lower 
valency than iron or nickel and might be expected to plug 
the holes in the oxide lattice. This experiment would be 
more convincing if a liquid phase were also present ; an 
elegant confirmatory experiment has been suggested by 
Kubaschewski and Hopkins,!§ involving the addition of 
carbon dioxide to the atmosphere, to encourage the 
formation of lithium carbonate, which melts at 735°C. 
The inference!’ that the presence of titanium in oxidation- 
resistant alloys might confer some resistance to acceler- 
ated oxidation, by a mechanism similar to that respon- 
sible for the effect of lithium vapour in the atmosphere. 
has not been borne out in practice.”:'® Moreover, the 
loose and spongy appearance of the scale formed on heat 
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Fig. 25.—-Melting point curve for the V,O,-Cr,O,; system.” 
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resistant steels suggests that oxygen can penetrate to the 
metal/scale interface through fissures in the oxide layer, 
w that diffusion of cations through the oxide lattice is 
not likely to be the controlling rate and Wagner's 
theory is not applicable. 

One characteristic feature of catastrophic oxidation is 
the growth of a thick layer on each surface of the original 
specimen, forming separate slabs with no scale at the 
comers (cf. Fig. 8). This is also observed in the 
oxidation of tungsten** and of cemented carbides,® 
which follows a straight line equation, forms a spongy 
gale, and is believed to involve formation of oxide at the 
ale/metal interface, so that the oxide is gradually 
pushed out from the interface. Clearly, if oxygen passes 
rapidly through the scale to the interface, the scale 
itself should be in a higher state of oxidation than the 
type of scale formed by “ parabolic ” growth involving 
the countercurrent diffusion of metal and oxygen ions. 
This has been shown to be the case, for steels, where the 
state of oxidation of the scale can be estimated without 
direct determinations of oxygen content. The scale 
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Fig. 26.—Comparative oxidation tests on copper, iron, 
nickel, and chromium steel exposed to oxygen; oxygen 
saturated with vanadium pentoxide vapour ; and oxygen 
with intermittent dipping in molten vanadium pentoxide.‘ 


normally formed on steels consists predominantly of 
ferrous oxide, with a little magnetic oxide of iron 
(Fe,0,) and sometimes a very thin surface layer— 
between 1 and 5% of the total thickness—of ferric 
oxide. X-ray examinations of the scale formed on steels 
oxidised in the presence of vanadium pentoxide showed 
that it consists almost exclusively of ferric oxide.'* More- 
over, experiments in which specimens after accelerated 
scaling were mounted in lucite, so that successive layers 
could be removed on a lathe, revealed that the outer 
layers consisted of magnetic oxide and ferric oxide, but 
the inner layer of ferric oxide exclusively.?* 
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Fig. 27.—-Vanadium concentration gradient in the oxide 
formed on Type 347 stainless steel in contact with vana- 
dium pentoxide at 1,500° F. (816° C.)*°. 


If the state of oxidation of the scale is greater at the 
scale/metal interface than at the outer surface of the 
scale, there must be an adequate supply of oxygen and 
there must be a more powerful oxidising agent at the 
interface than the furnace atmosphere. The effect of 
oxygen is shown by the fact that specimens partially 
immersed in molten vanadium pentoxide are attacked 
most severely at the “slag line.” #7 Oxidation of 
specimens contaminated with vanadium pentoxide in a 
limited volume of oxygen was found to slow down as 
soon as a definite amount of oxygen had been consumed— 
e.g. as soon as the partial pressure of oxygen fell below a 
definite value.** 

It has been pointed out that the most abundant supply 
of oxygen alone is not enough to explain a gradient of 
oxygen concentration from the scale/metal interface 
outward through the scale. There must be some 
oxygen carrier which oxidises the metal at the scale 
metal interface more rapidly than the furnace atmos- 
phere; this oxygen carrier must then replenish its 
supply of oxygen from the atmosphere. The possible 
oxygen carrier mechanisms which have been postulated 
are many and various. They range from the dissociation 
of vanadium pentoxide (and molybdic oxide) to form 
nascent oxygen at the interface,”° to a variety of complex 
vanadates.'? Something has been said already about the 
role of vanadates, in connection with the effect of sodium 
salts in the oil ash.** #3 Both iron and chromium vana- 
dates are easy to produce from powder mixtures."? They 
are unstable above about 850—-900° C., and the alternate 
formation and decomposition of vanadates may con- 
tribute to the porosity of the scale,?° and thus to the easy 
access of oxygen to the metal. Moreover, the decom- 
position of the vanadates may assist in the oxidation 
reaction itself. Pure iron and chromium vanadates can 
cause accelerated attack, and the enhanced effect of the 
sodium vanadates is attributed to the evolution of 
oxygen associated with the decomposition of the vanady! 
vanadate.'* In actual scales formed on specimens 
oxidised in the presence of vanadium pentoxide, it is by 
no means easy to confirm the presence of vanadates, 
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because they are swamped by the bulk of the scale, 
because iron vanadate has a very complex X-ray pattern 
with numerous rather weak lines, and because chromium 
vanadate cannot be distinguished easily from other 
spinels.'?. The difficulties were overcome in the investiga- 
tion already mentioned,?* where successive layers were 
removed from the scale: iron vanadate was detected 
near the interface. Chemical analysis of the various 
layers showed concentration of vanadium in the same 
area and a gradient from the interface into the scale 
(Fig. 27). 

This vanadium gradient is not easy to explain. It has 
been suggested?’ that vanadium pentoxide is adsorbed 
at the surface of the metal and therefore diffuses to- 
wards it, or that vanadium pentoxide oxidises the metal 
directly, forming a sub-oxide, presumably vanadium 
trioxide (V,O,). This would lower the concentration of 
vanadium pentoxide at the metal scale interface and 
lead to diffusion in that direction. The vanadium 
trioxide at the interface then diffuses outward to the sur- 
face of the scale, where it is re-oxidised to vanadium 
pentoxide. The melting point of vanadium trioxide is 
1,970° C., which makes it appear highly improbable that 
it can move through scale at any speed. If it remains 
near the interface, the local concentration of vanadium 
is accounted for, but then the vanadium trioxide 
obviously cannot play a significant part in the oxidation 
cycle, and surely someone would have detected its 
presence in the scale. 

It would not be difficult to devise even more elaborate 
theories. It has been shown that catastrophic oxidation 
is sufficiently rapid for the heat of oxidation to raise the 
temperature of the scale,?” which in any case tends to 
retain heat because it is porous. Vanadium pentoxide 
reacts with both ferric and chromic oxides to form a 
vanadate which decomposes at higher temperatures. A 


provisional phase diagram for the binary Systen 
V,0; Fe,O, is shown in Fig. 28. Above the temperatyp 
of decomposition of the vanadate, liquid vanadiyy 
pentoxide is in equilibrium with the solid ferrie 
chromic oxide ; as long as the actual temperature at the 
scale metal interface is sufficiently high to allow decom. 
position of vanadates to proceed, a small quantity 
of the liquid phase will be present. 

It has been pointed out already that the liquid phase 

has a slagging effect and permits more rapid inter. 
diffusion of metal and oxygen. It may well have anothe 
very important effect in modifying the mode of growth 
of the oxide. In normal oxidation, the seale grows ag q 
coherent layer. In the presence of liquid vanadium 
pentoxide, however, it is possible that the oxide wil 
deposit in a more open configuration by the mechanism 
suggested below. At the beginning of the proces, 
vanadium pentoxide is present in excess and dissolye 
the products of oxidation. At some point, the liquid is 
saturated with the oxide and the latter will be precip. 
itated. It is not to be expected that it will necessarily 
form a uniform film on the surface of the metal: it may 
well grow in the form of columnar crystals from suitable 
nuclei. Thus, the liquid remains in contact with the 
metal surface—this will be favoured by adsorption®”— 
and oxide is continuously deposited on the columnar 
crystals. Bridging of the columnars leads to the formation 
of the characteristic spongy scale, while the liquid vana- 
dium pentoxide remains at the metal surface and thus 
prevents the growth of a protective oxide film. Since 
vanadium pentoxide is sparingly soluble in the base 
metal oxide, some of the liquid phase may be adsorbed 
at the surface of the columnar crystals, but the dynamics 
of the process are such that a lot more solid oxide will be 
formed than the equilibrium amount required to dissolve 
the vanadium pentoxide present. When the liquid phase 
ultimately disappears, a coherent oxide film will form 
between the columnars, healing the porous scale and 
leading to the slowing down of the accelerated oxidation 
illustrated in Fig. 10. The time required for the absorp- 
tion of the liquid phase will depend, among other factors. 
on the extent to which the metal and oxide surface are 
* wetted ” by the liquid: this may vary considerably 
with slight differences in the composition of all three 
phases involved, leading to considerable variations in the 
effective duration of catastrophic oxidation. It may be 
that variations of this kind provide an explanation for 
the differences in the progress of oxidation with time of 
similar alloys heated at 850° C. in Swiss!® and British" 
experiments (cf. Figs. 9 and 10). 

Even if precipitation from the liquid phase takes the 
form of a uniform film, the oxide on iron-based alloys 
will be in a condition of severe strain. On the one hand, 
oxidation is so intense that ferric oxide predominates. 
on the other hand, a layer of ferric oxide cannot remain 
on the metal surface without the formation by inter- 
diffusion of intermediate layers of ferrous oxide and 
magnetic oxide. The presence of three different phases 
in a thin layer would impose such severe strain on the 
film that cracking and exfoliation are to be expected. 
This would permit the liquid phase to reach the metal 
surface again and the conditions for the formation of a 
spongy scale are seen to prevail. Such a mechanism 
would only apply to alloys consisting predominantly of 
iron which are particularly susceptible to catastrophic 
oxidation while nickel or cobalt-based alloys suffer a 
much less dramatic acceleration of scaling. However. 
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somewhat less far-fetched explanations for the relatively 
good resistance of nickel and cobalt alloys to vanadium 
pentoxide have already been cited. 

Whatever the precise mechanism of catastrophic 
oxidation, it is established that the presence of a liquid 
phase plays an important part, that the protective 
effect of chromic oxide is eliminated, that catastrophic 
oxidation takes place at the metal scale interface, and 
that the scale is spongy, porous, and in an abnormally 
high state of oxidation. 


Secondary Effects of Vanadium Pentoxide 

Apart from the direct effect of causing catastrophic or 
accelerated oxidation at temperatures above the melting 
point, vanadium pentoxide has other effects arising from 
the presence of a liquid phase in general, and from its 
specific physical and chemical properties. An obvious 
case in point is that the presence of molten vanadium 
pentoxide causes the oil ash to stick to metal surfaces 
and build up in the gas turbine. ° 

Another such effect is connected with the observation 
that direct contact with vanadium pentoxide is not 
always necessary to produce accelerated oxidation—it is 
enough for vanadium pentoxide to be somewhere in the 
vicinity. Thus, specimens of various steels laid across 
the tops of small crucibles containing vanadium pentoxide 
were severely attacked : this was attributed to volatili- 
sation and attack by vanadium pentoxide vapour.’ It 
has heen shown, however, that samples of vanadium 
pentoxide lose very little weight on prolonged heating at 
temperatures up to 1,000° C., so that the vapour pressure 
sevidently negligible.1° A similar test, under somewhat 
more rigid conditions, is described by Brasunas and 
Grant.2? Vycor tubing was bent into the shape of an 
inverted vee. An unoxidised metal specimen was placed 
in one leg of the tube and vanadium pentoxide in the 
other leg, so that direct contact was possible only by 
Vvaporisation. The tube was evacuated, sealed and 
placed upright in a furnace at 905° C. for 24 hours. At 
the conclusion of the test, the metal specimen showed 
comparatively light attack and the reservoir of vanadium 
pentoxide was only slightly consumed. In the absence 
of significant volatilisation, the attack on specimens 
placed on top of crucibles containing vanadium pentoxide 
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rig. 29.-Very severely attacked 337 steel (1)* after test in 2/1 air gas + hydrogen sulphide, with vanadium pentoxide 
in preheater : left—unetched section (» 50); right—detail from sample shown on left (« 500).'° 


can only be explained by creeping of the liquid up the 
walls of the crucible onto the specimen. It is generally 
observed that liquid vanadium pentoxide will spread 
rapidly over the entire surface of specimens, and move- 
ment over quite considerable distances appears to be 
quite likely. 

Less easy to explain is the observation™ that aluminium 
bronze specimens partially immersed in a 90 10 
V0, Na,SO, mixture for 350 hours at 500°C. were 
attacked more or less severely above the level of the 
powder mixture. No molten phase was present any- 
where, so that creeping of liquid along the surface is out 
of the question. It is possible that minute traces of 
vanadium pentoxide vapour enter the atmosphere at 
temperatures as low as 500° C. and attack copper alloys. 
At higher temperatures vanadium pentoxide vapour has 
been shown (Fig. 26) to stimulate oxidation of copper,*° 
but it is also possible in the case of aluminium bronze that 
slight dissociation of sodium sulphate led to attack by 
sulphur dioxide or trioxide in very small quantities. 

In atmospheres containing the products of combustion 
—particularly if combustion is incomplete—of town’s 
gas, and presumably also of other fuels, the presence of 
vanadium pentoxide in the gas stream, quite remote from 
the specimens, may have a profound effect on scaling. 
In an important series of experiments by Sykes and 
Shirley.’ various air-gas mixtures containing a little 
hydrogen sulphide were burnt and passed through a 
pre-heater, and then over steel and nickel alloy specimens 
in a tube furnace. When 2 g. V,O, were placed in each of 
two silica dishes in the preheater, the scaling rate at 
750° C. in the 2/1 air/gas mixture increased by a factor 
of 3: in the 6/1 mixture, the effect was somewhat iess 
severe. It must be borne in mind, however, that direct 
contact with vanadium pentoxide is much more violent 
in its effect. “ At 850° C., in the presence of the pent- 
oxide, there was a greater rise in attack, the severe 
breakdown being of an erratic nature with a tendency for 
severely localised effects, much of the sample remaining 
relativeiy lightly attacked. In the region of severe 
breakdown, the scale layer contained much unoxidised 
metal.” The warts produced under these conditions on a 
complex austenitic steel 337 are illustrated in Fig. 29. 
They bear a close resemblance to those produced in 
nickel alloys exposed to the products of combustion of 
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TABLE V.—EFFECT OF LOCATION OF CONTAMINANT** 
a Contaminant in Cup at 


| | Contaminant Painted on | Lower Bad of Gence 


(iauge Length 
| (tons /sq. aed Weight of Life Weight of | Life 
| Contaminant Contaminant (hr) 
| (g.) (g.) : 
| ) 94-6 
0.00038 70 0-O851 61-1 
00076 65 0-0452 50 
0-0198 35 
0-0725 26-1 
Nimonic 16 50% V,0, | 
50% Na,SO, | | 
0 } 244-2 0 | 220-9 
0-0632 | 175-8 | 0-157 203-8 
0-0569 219-8 
0 | 330°0 0 | 282°8 
15 0-0041 | 244-6 0-0172 223-2 
245-0 O-0503 265-2 
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residual oils, or to mixtures of sodium sulphate containing 
small amounts of chloride.’* 76 The effect of vanadium 
pentoxide in the pre-heater is attributed “ to some cataly- 
tic activity, which modifies the products of combustion to 
give higher rates of attack.”!® This may well be the 
case, although there is a lot that remains to be explained, 
but it fails to account for the “ sulphide warts * shown 
in Fig. 29. In all other cases where such warts were 
found, a contaminant was in direct contact with the 
metal. Since the discovery, by Shirley.** of the powerful 
effect of small quantities of chloride, even without 
vanadium pentoxide, in stimulating the growth of 
sulphide warts, it has been assumed that the contami- 
nant probably contained traces of chloride in all cases 
reported earlier, and that vanadium pentoxide did not 
play a decisive role, at most speeding up the oxidation 
of the sulphides near the surface. The warts formed 
without direct contact with a contaminant might still be 
attributed to traces of chlorine in the atmosphere, but it 
must be emphasized that they did not form in similar 
experiments where there was no vanadium pentoxide 
in the preheater. It is remotely possible that the cataly- 
tic effect of vanadium pentoxide on the atmosphere 
increased the probability of localised attack of a type 
which can occur in the absence of vanadium pentoxide 
when there is direct contact with a contaminant 
containing chlorides. It is also possible that the 
vanadium pentoxide in the dish was the source of 
very small quantities of gaseous chlorine. 

There is some other evidence that vanadium pentoxide 
tends to search out weak points on the surface of the 
metal and increase the probability of highly localised 
attack. Stress-rupture tests were carried out on small 
specimens of 18 8 stainless steel and Nimonic, contami- 
nated, respectively, with vanadium pentoxide and a 
mixture of vanadium pentoxide and sodium sulphate in 
equal proportions.!® In one experiment, the contaminant 
was mixed into a stiff paste with water and painted on the 
gauge length of the bar. In another, a special test bar 
was machined with a heavy collar at the lower end of the 
gauge length: the contaminant was placed in a deep 
annular groove in this collar and reached the gauge 
length only in small quantities as it crept up the bar. 
The results are summarised in Table V. 

The stainless steel bars formed thick spongy scale 
layers, and the life to rupture was considerably reduced 
by the presence of vanadivm pentoxide. As the amount 
of contaminant increased, the life to rupture was shor- 
tened. Adding about 0-04 g. in the groove was roughly 
equivalent in its effect on the life to painting about 
0-01 g. on the gauge length. Although the Nimonic 


bars also showed some loss in life to rupture due to th, 
contaminant, this was not accompanied by an appre. 
iable loss in weight, and was not quantitatively related 
the amount of contaminant added. The bars wit, 
grooved collars showed relatively little decrease 
life to rupture ; except for one result (15 tons/sq, in 
0-0172 g. contaminant, 223-2 hours life) the values fy 
the life to rupture were within the anticipated band 9 
random scatter, and the principal indication that th, 
effect of contamination is real is that the lower valye 
were obtained on bars carrying contaminant in ever 
ease. Standard bars with a painted coating of contam). 
nant showed a significant reduction in rupture life, eve 
where the weight of the coating was substantially le 
than the amount of contaminant added in the grooy 
With Nimonic bars, therefore, the effect of the cop. 
taminant has been diminished much more profound) 
by putting it in a groove than was the case with stainles 
steel. Nimonic shows no catastrophic oxidation, and th 
loss of effective cross section is not due to bulk oxidatioy 
at the surface ; it is therefore attributed to intergranula 
attack, although no microscopic evidence could be found 
in stress rupture bars tested at 750°C. Exposures a 
1,000° C. did produce detectable penetration of a secon 
phase from the surface.'® It seems reasonable to assum 
that at 750° C. this penetration is much shallower, andi 
masked by the fracture in a microscopic examination 0 
the broken test bar. Evidently the effect of the mixtun 
of vanadium pentoxide and sodium sulphate is to pr. 
mote this corrosive penetration at points in the surfac 
which are specially susceptible to it. When the contami. 
nant is painted over the entire gauge length the chance 
of finding such susceptible points are much greater thar 
they are when the contaminant has to creep up the bar 
and this is confirmed by the lower susceptibility to th 
effect of contamination of the bars with a grooved collar 
Another secondary effect of vanadium pentoxide é 
the violence of its attack on steels containing moly) 
denum.'? In some ways this is rather puzzling. becaus 
the mechanism of the two processes has been shown to bi 
similar in many respects, and the effect one couli 
reasonably expect would correspond to an increase in th 
amount of contaminant; it has been shown that alloy 
containing vanadium oxidize with abnormal rapidity i 
air due to the formation of vanadium pentoxide in the 
scale, and small additions of vanadium pentoxide fron 
outside have relatively little additional effect.” | 
steels containing molybdenum, however, vanadiu 
pentoxide contamination produces very pronounce 
effects, both when the composition of the steel and th 
conditions of oxidation favour catastrophic oxidatio 
even without vanadium pentoxide,?° and when bilan 
tests in air reveal no signs of catastrophic oxidation. 
In the latter case, the vanadium pentoxide does n0 
spread uniformly over the surface, but causes sever 
local pitting. Amgwerd, Schlapfer and Preis'® 
that molybdic oxide is formed as soon as the vanadiu 
pentoxide starts to melt and the attack is then localise 
in areas where the molybdic oxide is formed. It seem 
likely that vanadium pentoxide attack leads to thi 
formation of a spongy scale layer, which has the effect « 
rendering the atmosphere stagnant in the immediat 
vicinity of the surface, entrapping molybdic oxid 
vapour and thus initiating catastrophic oxidation }) 
molybdic oxide as well as by vanadium pentoxide 
The further accentuation of catastrophic attack unde 
conditions initially favourable to it?° is probably dv 
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to the “ oxygen carrier ’’ effect already discussed in 


detail. 
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Manufacture of Electric Fusion—Welded Pipe 


T the Coatbridge works of Stewarts and Lloyds. Ltd. 
A equipment which has recently been installed for 
the manufacture of electric fusion-welded pipe 
comprises a continuous edge-forming and seam-welding 
machine for external welding, and an internal welding 
hom for backing-up welds. In comparison with a 
conventional flusion-welded pipe mill, fewer operators are 
required to operate the equipment and the amount of 
time taken to change from one pipe size to another is 
reduced. Tacking of pipes before welding is not neces- 
sary, and the use of multi-power Unionmelt gives welding 
speeds which are twice those with single wire welding. 
The Quasi-Are ‘Torrance continuous edge-former and 
seam-welder forms the edges of the pipe and welds seams 
in one operation. It handles pipe from 18 in. to 50 in. 
outside diameter in plate thicknesses up to 3 in. The 
pipe lengths are fed through the machine continuously, 
butted end to end, by a succession of drive rolls, power- 
driven at an infinitely variable welding speed by a 7} h.p. 
motor to give a range of welding speeds between 30 and 
%in. min. As the pipe lengths, which have already been 
rolled into shape, enter the machine, the edges pass 
between two edge-forming rolls mounted one above the 
other. These rolls break the plate edges to produce a 
circular pipe with good fit-up between the faces of the 
joint to be welded. Five sets of edge-forming and drive 
rolls are required for the complete range of pipe sizes. 
The machine is fitted with Unionmelt multi-power 
tandem welding equipment. comprising two Unionmelt 
D.S.H. welding heads. The leading head is powered by a 
continuously rated 1,200 amp. D.C. rectifier power unit, 
and the trailing head by a 1,000 amp. A.C. transformer 
power unit, continuously rated at 800 amp. A copper 
backing shoe is positioned on the underside of the joint 
beneath the welding heads, being mounted at the end of 
a cantilever arm suspended from the entry point of the 
seam welder. A circulating water system is used to cool 
the copper shoe. With the shoe in position, a completely 
penetrating weld can be made with the machine. 
The internal welding equipment comprises a Union- 
melt D.S.H. welding head, with feed roll and nozzle 
assembly for parallel electrode welding. mounted at the 
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end of a boom 30 ft. in length. The boom remains 
stationary while the pipe is moved at welding speeds on 
a traversing roller bed. The main part of the boom is 
substantially rigid but the end is supported by small 
rollers bearing on the bottom of the pipe. A closed 
circuit television system is used to enable the operator 
to see the line of joint ahead of the welding nozzle, so 
that he can make any necessary adjustments. 

The machine is equipped with a continuous circulating 
system for welding powder. This powder is carried 
in a hopper mounted at the end of the boom, whence it 
is fed by gravity to the weld zone. Unfused powder is 
picked up, a short distance behind the welding nozzle. 
by a vacuum suction unit mounted at the base of the 
hoom, with a hose extending through the centre of the 
cireular boom. 

The principal advantage of the Torrance edge-forming 
and seam-welding equipment is that it feeds pipe con- 


tinuously through the machine with the minimum of 


interruption of the welding procedure. This enables an 


The Quasi-Arc/Torrance continuous edge-forming and 
seam-welding machine. 
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overall duty cycle of 80-90% to be achieved. With 
Unionmelt multi-power tandem welding, using D.C. on 
the leading head and A.C. on the trailing head, excep- 
tionally high welding speeds are obtained with minimum 
edge preparation. ‘Typical welding speeds for complete 
penetration welds range from 96 in./min. for j in. 
plate to 36 in./min. for 3 in. plate. 

The Torrance machine has an additional feature—the 
forming rolls which break the plate edges as the pipe 
sections enter the machine. Considerable capital 
expenditure and labour costs are eliminated by the use 
of this method, since these rolls make it unnecessary to 


provide other machines (with their operators) for break. 
ing the plate edges prior to rolling or press forming. 
The equipment installed at Coatbridge is designed po 
only for speed and economy, but also for high-quality 
welding. Close control of all welding variables js , 
necessity for this purpose, and the use of closed-cireyit 
television on the welding boom marks advance oye 
previous methods of visual control, such as observation 
of the “* hot-spot.”’ Accurate control of the welding head 
during internal welding of pipes with inside diameters a 
small as 17} in. is made possible by this equipment. 


New Process for the Electro-refining of Nickel 


ESEARCH scientists and engineers of The Inter- 
R national Nickel Company of Canada, Ltd., have 
developed, after seven years of continuous study, 
a new process for the electro-refining of nickel, the main 
feature of which is the direct electrolysis of nickel matte 
and artificial sulphide. This contrasts with the usual 
electro-refining methods, including those employed in 
the nickel industry, in which a metal anode is used. The 
new Inco process eliminates high-temperature oxidation 
and reduction operations, with attendant losses of metals 
and sulphur and selenium. Instead, nickel sulphide of 
low copper content from the Bessemer converter or other 
source can be cast directly into sulphide anodes and 
electrolysed for the production of high quality nickel. 
Another unique feature of the process is that it permits, 
for the first time in nickel refining, the commercial 
recovery of elemental sulphur and selenium as valuable 
by-products, in addition to the cobalt and precious metals 
conventionally recovered. 

The new process, which is more efficient than the 
company’s present practice, constitutes another step 
forward in Inco’s programme to obtain maximum 
recovery of useful elements from the ore it mines. 
International Nickel recovers fourteen elements from 
this ore—nickel, of which the company is the world’s 
largest producer, copper. cobalt, platinum, palladium, 
rhodium, ruthenium, iridium, gold, silver, iron, 
tellurium, selenium, and sulphur. At present, at Copper 
Cliff. Ontario, sulphur is being recovered in the form of 
liquid sulphur dioxide and sulphuric acid from the 
company’s reduction works, and selenium is recovered 
in the refining of copper. The process, for which 
Canadian and United States patents are pending, is in 
commercial operation in a section of the company’s Port 
Colborne, Ontario, nickel refinery. Sulphur-selenium 
separation is accomplished in a 100-ft.-high fractionating 
column of special design. 

The interesting possibilities of the new method were 
first demonstrated in Inco laboratory tésts in 1951, when 
a small piece of cast nickel sulphide was electrolysed. It 
corroded smoothly, the nickel and other base metals 
passing into solution, leaving a precious-metal bearing 
anode sludge containing 97% elemental sulphur. A 
number of obstacles to the recovery of sulphur of high 
purity from the sludge were resolved by laboratory and 
pilot plant investigations. These studies, conducted 
jointly with the Blaw-Knox Company, resulted in the 
construction of a novel 100-tons-per-day sulphur frac- 
tional distillation unit. The sulphur from this unit 
contains less than five parts per million of selenium, and 


has an unusually low ash and bitumen content. The 
selenium residue is shipped to Inco’s copper refinery at 
Copper Cliff, Ontario, where it is processed for recovery 
of pure selenium. 

The development of the new Inco process was the 
subject of a comprehensive technical paper presented at 
the recent annual meeting of the American Institute of 
Mining, Metallurgical. and Petroleum Engineers in New 
York City. The authors of the paper were L. 8. Renzoni, 
Superintendent of Research, The International Nickel 
Company of Canada, Ltd., Copper Cliff, and R. ¢. 
McQuire and M. V. Barker, Manager and Chief Research 
Chemist, respectively, of the company’s Nickel Refining 
Division at Port Colborne. 


Electric Furnace Melting for 
Diecasting 


FoLLOWING extensive trials in Morgan’s Test Foundry, 
it has been found that, using the Birlec-Morgan electric 
diecasting furnace (E.D.F.), aluminium can be allowed 
to solidify and be re-melted in both Salamander Super 
and Suprex basins without damaging them. The only 
precaution needed is to ensure that the charge is com- 
pletely molten, and to avoid adding any solid metal just 
before switching off. It is the even, gradual heating of 
the E.D.F. which makes this possible, and it should 
be noted that this practice cannot be recommended for 
oil or gas fired furnaces. 

A time-switch is now fitted to the E.D.F as standard, 
to take full advantage of this new labour-saving proce- 
dure. It will automatically switch the furnace on and 
off at pre-selected times. Emptying the furnace by 
baling-out at night is avoided, and the metal is auto- 
matically brought to the required temperature at start- 
ing time the following morning. It will normally be 
cheaper to re-melt the solid charge than to maintain 4 
bath of molten aluminium overnight. 

From the foregoing, it will be appreciated that the 
E.D.F. is now completely automatic. The diecaster 
using it has no furnace operation duties, and can spend 
the whole of his time diecasting. 


New Trade Mark 
Tue Trade Mark “ Fircleve ” has been accepted by the 


Registrar of Trade Marks as applicable to the rauge of 


cold rolled steel strip and flattened wire, and cold rolled 
hardened and tempered steel strip and flattened wire. 
produced and marketed by Firth Cleveland Steel Strip. 
Ltd. The Trade Mark Registration Number is 770.885. 
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New Ancillary 
Equipment in 
Operation at 
Rogerstone 


General view of the 4,000-ton Loewy plate stretcher with the bottom-loading 


Stordy heat treatment furnace in the background. 


throughout the war, on behalf of the Ministry of 

Supply, a large plant at Rogerstone, Mon- 
mouthshire, comprising a remelt department, a sheet 
rolling mill, an extrusion department producing bar 
tube, and sections of all kinds, and a bar mill for wire 
and wire stock. The main feature of the early post-war 
years was the installation of the continuous strip mill 
which now dominates the site. Opened by the Minister 
of Supply in 1950, it comprises a hot rolling line one- 
third of a mile long, a tandem cold mill, temper mills, 
annealing plant, cut up and classifying lines, circle lines, 
corrugating lines, etc. This year, another step in the 
continuous process of expansion and modernisation has 
been completed with the installation of over £500,000 
worth of new machinery and equipment. At the same 
time, plans for further expansion at Rogerstone during 
the next four years have been announced. 


N tirotchot ALUMINIUM CO., LTD., operated 


Aircraft and Shipbuilding Plates 


The new equipment provides advanced facilities for 
the production of high-quality aluminium plate. There 
are two distinct developments, to meet diverse industrial 
needs—the aircraft industry’s demand for thick, high- 
strength aluminium alloy plate for machining into 
integrally-stiffened wing skins and similar aircraft parts ; 
and the shipbuilding industry’s call for aluminium plate 
in the medium-strength alloys, in sizes wider than have 
hitherto been available. The expansion will undoubtedly 
mean increased freedom of design wherever aluminium 
plate is used, in these and in other industries as well— 
for example in chemical engineering, atomic energy, and 
railway engineering. 

In recent years, a new technique for the fabrication of 
certain stressed parts of high-performance aircraft has 
had to be introduced to meet strength requirements. 
Wing skins, tail surfaces and similar parts, instead of 
being made as a riveted assembly of small components, 
are machined, complete with stiffening members, from 
large pieces of thick plate. For this method of produc- 
tion, the first requirement is high-strength aluminium 
alloy plate, of the right composition, correctly heat 
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treated to develop the necessary mechanical properties, 
and with a low level of residual internal stress, to give 
freedom from distortion when it is machined. Moreover, 
in view of the structural demands made of integrally- 
stiffened aircraft parts in service, the absence of small 
undetected flaws in the metal must be assured. For the 
time being the existing rolling capacity is adequate to 
meet the need for aircraft plate of this type, and the 
new facilities made available include a new heat treat- 
ment furnace, a stretching press for the removal of 
internal stress, ultrasonic inspection equipment, and a 
plate trimming saw. 

For shipbuilding, and similar industries where size- 
able fabrications are built up of plating, the most 
important feature of the new Noral developments at 
Rogerstone is that aluminium plate will now be avail- 
able, for the first time in this country, in widths up to 
11 ft. This new product is in fact made by butt-welding 
two plates together, using specially developed equip- 
ment. In recent years the use of aluminium in ship- 
building, particularly for deckhouses and _ similar 
structures, has increased considerably. Appreciation cf 
the value of light alloys for such structures has grown 
with the realisation that they can bring about worth- 
while weight reductions in passenger vessels, thereby 
increasing stability and accommodation space ; and that 
in certain types of cargo vessels (of restricted draught or 
overall dimensions, for example) deadweight can be 
increased. At the same time, fast and reliable welding 
methods for aluminium have become firmly established, 
and fabrication techniques for aluminium deckhouses 
have been developed and successfully put into practice. 
The new large plates will increase the scope of design in 
aluminium in the shipyard—and in engineering generally 
—and reduce the welding work required on site. 


Plate Heat Treatment Furnace 


The new furnace for the heat treatment cf plate was 
designed and built by Stordy Engineering, Ltd., to meet 
the detailed requirements laid down by Northern's 
general engineering department. It is of particular 
interest in being of the bottom-loading type, with a 
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quench tank immediately below the furnace chamber. 
This design was chosen as giving the best answer to the 
problems arising in heat treating aluminium alloy plate 
of the sizes contemplated. The capacity of the new 
unit is nearly 20 tons of plate for ageing at temperatures 
up to 200° C., without quenching ; 10 tons for solution- 
heat-treatment up to 550° C. with a slow quench ; and 
5 tons for solution-treatment up to 550° C. with a high- 
speed quench ; it is also used for annealing. 

The furnace, which is designed to handle plate up to 
55 ft. long, 10 ft. wide and 6in. thick, is electrically 
powered and fully air-circulated, the heater batteries 
and fans being mounted at each end, outside the furnace 
chamber. The total heater rating is 1,.494kW.; each 
heater battery has three sections (166, 249 and 332kW.) 
with independent switching to allow fine temperature 
control. Four fans (two at each end of the furnace) are 
used for circulating air, which is drawn through stainless 
steel ducting from the top of the furnace chamber, 
passing through the fans, then through the heaters, from 
which it is again ducted to the furnace chamber. Each 
fan is driven through vee-belting by a40h.p. motor. The 
furnace is of special stainless-steel-lined construction, 
entirely without refractories. The whole structure is 
carried in a riveted and bolted steel box girder, supported 
at each corner by a massive compound stanchion. 
Asbestos-sealed sliding joints in the furnace casing allow 
for expansion. 

The furnace door and its mechanism are of special 
interest. The door itself, insulated in the same way as 
the furnace and similarly lined with stainless steel, is made 
of a number of 6ft. square sections joined to make one con- 
tinuous door. Sealing in the closed position is main- 
tained by asbestos cord, carried in heat-resisting castings 
round the edge of the door. When the door is closed, 
this cord is pressed against corresponding castings around 
the opening in the bottom of the furnace. 

The operation of opening or closing the door involves 
two distinct actions, a moving into position, and a 
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sealing or unsealing action. The door is mounted on 
toggles, which are operated, through linkages, by two 
hydraulic cylinders and serve to raise or lower the door 
through a few inches for sealing or unsealing. The 
whole door and its sealing mechanism are in tum 
mounted on a carriage, which spans between rail 
60 ft. apart. To close or open the door, the entire 
carriage is electrically driven about 8 ft. along the rails, 
When the door is in the closed position, brackets are 
engaged so that the forces exerted by the sealing 
operation are carried by the main furnace steelwork and 
are not transmitted to the door carriage. 

The furnace load is carried on seven full-length joists, 
one piece of plate being supported by each joist. The 
joists rest on four short transverse bearers, which are 
attached at their ends to hoist chains. These pass 
through the roof of the furnace and over pulleys to drums 
mounted on a shaft at the rear of the furnace. Drive 
to this shaft, for raising and lowering the load, is pro- 
vided by a 45h.p. D.C. motor, powered in turn by a 
motor-generator set with Ward Leonard control. 

The control gear is set so that all loads are raised into 
the furnace at 20 ft. min., while lowering can be carried 
out at 20 ft. min., or at the quenching speeds of 90 or 
180 ft. min. Safeguards are provided in the control 
mechanism so that loads weighing over 10 tons can be 
lowered only at 20 ft. min., and no load weighing over 
5 tons can be lowered at the fast quench speed. 

A furnace charger, running on rails at each end of the 
furnace and spanning the quenching tank, is used for 
loading. The load is placed on the charger by an 
overhead crane, and is then traversed under the furnace, 
where the load is transferred to the hoist chains and the 
charger withdrawn. 

The quenching tank, immediately below the furnace 
and sunk into the floor, is of concrete and measures. 
overall, 102 ft. long, 104 ft. wide and 15 ft. deep. Much 
of this length and width are occupied by circulating 
pumps and passages, however, and the useful size of the 
tank for quenching purposes is 60 ft. long, 6 ft. wide and 
15 ft. deep. The two axial flow circulating pumps. 
which have provision for alteration of impeller blade 
pitch from floor level without withdrawing the pumps. 
were supplied by W. H. Allen, Sons and Co., Ltd. 


Plate Stretcher 

Relief of heat treatment stresses in aircraft plate 
effected by a controlled stretching operation. Yor this 
purpose, a stretcher with a rated pull of 4,000 tons, 
designed and built by The Loewy Engineering Co., Ltd., 
has been installed. This machine is capable of applying 
a controlled stretch to light alloy plate up to 50 ft. long, 
10 ft. wide and 6in. thick, with a maximum cross 
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vetional area of 200sq. in. One end of the plate is 

ipped in a fixed head and the other in a sliding head 
yhich is forced away from the former by the action of 
two hydraulically-operated rams. 

The stretcher consists of two main compression 
members, placed level with the centre line of stretch and 
one each side of the machine. Directly on the ends of 
the compression members are mounted two main 
hydraulic cylinders with rams bearing on side extensions 
of the main moving grip-head, which is carried on 
horizontal bearing surfaces. The tail grip-head is fixed 
lative to the compression members during stretching, 
put as this head is adjustable along the compression 
members, plates of various sizes can be accommodated. 
The head can be locked in any one of nine positions at 
ift. 6in. intervals along the compression members, 
movement of the head being effected, in 4 ft. 6 in. steps, 
by ram-operated tow-bars sliding inside the compression 
members. 

The two main stretcher rams are of 36} in. diameter 
and have a 7 ft. 6 in. stroke. Rapid advance and return 
of the main head when not stretching is effected by 
double-acting 8 in. diameter rams acting on the main 
head, their cylinders being attached by long tie bolts to 
the main cylinder. The main compression members are 
held in alignment with each other and with the founda- 
tion by self-centring rams arranged at the tow-bar end. 
Tie rods connect the centring rams to the compression 
members and to the foundation. 

The continuous disappearing apron attached to the 
idjustable head, and fitted with free-running rollers, 
erves to fill in the space between the heads, and acts 
wasupport for plate prior to stretching. Once the plate 
splaced on the apron, manipulation into the grip heads 
sentirely mechanical. Devices are provided on each 
iead for raising the plate ends to facilitate entry into 
the jaws, and also for plate centring. Lengthwise 
wsitioning is by means of plate locating stops within 
the jaws. 

The grip jaws of both heads are in ten segments, which 
ionot have to be changed for different plate thicknesses. 
fach top and bottom pair of segments is mechanically 
entred, and all are able to move to a small degree 
relative to each other to accommodate a degree of 
variation in the thickness of a plate. To give the heavy 
uitial ** bite ’’ necessary to hold the plate, the jaws are 
noved by 400-ton hydraulic rams. The depth of 
ynetration of the plate in the head, and hence the 
ength of grip, is determined by the plate locating device, 
thich has two appropriate pre-set positions. These 
“sitions are selected according to the width and thick- 
ss of plate. In addition to jaw segment movement. 

‘he main head is capable of a limited angular movement 
wallow it to take plate that might be slightly wavy 
ilong one edge. This feature also tends to make the 
tipping of the plate easier. 

A general feature of the hydraulic system of the 
‘tretcher is the necessity for control of two rams, widely 
paced apart, but required to travel at the same speed. 
This occurs with the main advance-and-return, tow-bar 
ind jaw-operating rams. The control is effected by 
living the two rams by separate pumps, and controlling 
‘he flow from each pump by bleed-off valves operated 
vy a differential mechanical linkage. In this manner, 
tosswise alignment of the heads is maintained. How- 

‘ver, in the case of the main head, a limited amount of 


High strength aluminium alloy plate being manoeuvred 
into position for stretching. 


free angular movement is allowed (at the beginning of 
an actual stretching stroke only) before the balance gear 
comes into play. 

The machine has three separate oil hydraulic systems, 
one on each grip-head, and a main one in the foundation 
supplying the main cylinders, the advance-and-return 
cylinders, and the tow-bar rams. The main system is 
charged by two pumps driven by a 150h.p. double- 
ended motor. These pumps deliver oil at 4,500 lb. 
sq. in., but there is provision for increasing the pressure 
to 7,000 lb. sq. in., to enable the stretcher to give a 
6,000 ton pull. There is also a small pump to supply 
pivot pressure at 400 lb. sq. in. to the control valves. 

The hydraulic systems in the grip-heads supply the 
jaws and the plate lifting, centring and locating devices. 
On the adjustable head they also supply power for the 
manipulation of the anchor and tow-bar pins. Two 
pumps are mounted on each head: one driven by an 
I8h.p. motor supplies oil at 4.5001b. sq. in. for the 
jaw-operating cylinders, the tow-bar and anchor pins on 
the adjustable head, and pilot pressure at 300 Ib. sq. in. 
for the control valves. The second pump, driven by a 
4h.p. motor, delivers oil at 4.500 lb. sq. in. to the 
operating cylinders of the plate lifting, centring and 
locating devices. 

All controls necessary for the operation of the stretcher 
are mounted on control desks, carried on each head. On 
the main head control desk, in addition to the pistol-grip 
and push-button hand controls, is a stretch indicator. 
This shows the length of plate between the jaws, and 
the amount of elongation applied. The degree of stretch 
can be pre-set at 1, 14. 2,24, 3,4 0r5°,, and the operation 
will automatically stop as soon as the pre-set value is 
reached. As an alternative, provision is made for 
stretching to a pre-determined stress. 

An important feature of the machine's design is that 
it is protected from shock-damage should a plate break 
while being stretched. When the plate breaks, the grip 
heads are accelerated outwards, and the two broken 
parts of the plate are projected into the heads. Large 
pressure reliet valves protect the tow-bar cylinders, the 
main head advance cylinders, and the jaw cylinders, and 
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In this view of the ultrasonic inspection equipment, the plate can be seen lying in 

the water tank. Above the tank is the bridge carrying the traversing ultrasonic 

probe unit, and on the left is the control panel where the visual ultrasonic signals 
indicate the presence and size of flaws. 


stop the outward movement of the heads. During the 
outward movement, the foundation is protected from 
shock by compression-member centring cylinders, into 
which are built relief valves. Movement of the whole 
stretcher structure relative to the foundation is thus 
possible. Residual shock loads remaining after hydraulic 
damping are finally transmitted to a_ pre-stressed 
eoncrete beam built into the foundation. The attach- 
ment of the stretcher to this beam by means of two tie 
rods is the only longitudinal fixing for the entire machine. 
After displacement caused by plate breakage, all 
parts can be returned hydraulically to the normal 
position relative to the foundation. 


Ultrasonic Flaw Detection 


The ultrasonic flaw detecting equipment installed at 
Rogerstone was designed and built by the Curtiss- 
Wright Company. The Immerscope, as the equipment 
is known, enables the plate to be inspected in fully- 
immersed conditions—a method that ensures complete 
examination of the entire plate, except for a thin “‘ dead ”’ 
zone comprising the top ,;'; in. of the material under 
test. For examination, the plate rests in a tank of 
water 14 ft. wide, 3 ft. deep and 54 ft. long. The steel 
tank is made up in 4 ft. sections, each section being 
bolted to its neighbour through a Neoprene joint, and 
the inside of the tank is hot-sprayed with zine to prevent 
corrosion. 

The probe unit, by which the ultrasonic wave is 
directed into the metal, is mounted on a carriage which 
in turn is carried on an aluminium scanner bridge of 
lattice construction, running on rails at each side of the 
tank. In this way the whole plan of the tank can be 
covered by the probe. The motors for driving the 
bridge, carriage and probe unit are mounted within the 
bridge, and a pinion wheel at each end of the bridge 
loeates with a fixed rack along each side of the tank, so 
making the bridge drive positive. Two adjustable stops, 
which can be set to the distance required for scanning, 
are mounted on one of the racks, and two emergency 
stops at each rack extremity prevent over-travel. The 


electrical supply to the motor 
and the wiring carrying informa. 
tion from the probe unit, ary 
fed to the bridge through ay 
accordion-type cable suspended 
from a series of trolleys that cap 
run the length of the tank 
Bridge and carriage motions may 
be automatic, or manually oper. 
ated by switches, and their speeds 
are infinitely variable from 5 ft. 

min. to 90 ft./min. The controls 
can be set so that repeated auto. 
matic sweeps by the probe unit 
across the plate can be made by 
moving either the bridge or the 
carriage in steps as small as } in, 
or as large as 12 in. 

The operator sits at a control 
panel remote from the tank, and 
at his option can use either of 
two ultrasonic systems, or both 
simultaneously. Of the two scans, 
the first, 4, supplies two-dimen. 
sional pip-type echo informa. 
tion at the first oscilloscope, telling the operator the 
depth in the metal at which the flaw has been found 
and its size. Size is indicated by the amplitude of the 
trace, while depth is shown by relating the position of 
the echo on the screen to those echoes received from the 
top and bottom plate surfaces. The second, the B-scan, 
enables the operator to see a longitudinal or transverse 
section of the plate being inspected, the top and bottom 
surfaces being represented by bright horizontal traces 
on the screen and defects being indicated by bright 
spots. By correlating this information with that 
received at the A-scan, a complete picture of the flaw 
and its position is obtained. To ensure that no flaw is 
overlooked, the controls can be set so that scanning is 
automatically stopped when an echo signal is detected. 


Plate Saw 


As the available sizes of materials increase, accurate 
cutting to the required dimensions becomes correspond- 
ingly difficult. The main difficulty lies in keeping the 
material squarely, accurately, and firmly located 
relative to the cutting blade, but this problem has been 
overcome—in the saw designed and built by Wadkin, 
Ltd., for cutting 55 ft. long, 10 ft. wide and 6 in. thick 
plate—by a new approach to the question of plate 
security during cutting. 

Surmounting the machine, and completely spanning 
the plate to be cut, is a single box-section beam, 68 ft. in 
length between its pin supports, 6 ft. deep at the centre 
of its span, and weighing about 20 tons. Within the 
beam are carried eighteen pairs of hydraulic jacks, which 
hold the aluminium plate to the table. The plate is cut 
by a circular saw which travels beneath the beam, 
traversing its length ; the saw blade is located beneath 
the centre of the beam’s cross-section and _ projects 
upwards between plate conveyor tables. The saw 18 
driven by a 75 h.p. motor housed in a 14 ft. long saddle, 
which also carries the 6} h.p. feed motor. The saddle 
rides on two flat longitudinal bearing surfaces, and 
passes through the arches of the massive beam supports 
at each end of its travel. The base of the whole machine 
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is5 ft. 5in. below floor level, the 
addle bearing surface being 2 ft. 
| in. above the base. 

For moving plate to be trimmed 
into position beneath the beam, 
there are seven infeed and seven 
outfeed conveyors projecting at 
right angles to the beam and on 
each side of it, each 2 ft. wide, 12 
ft. long, and driven by a 1} h.p. 
motor. The surface height of the 
conveyors (and hence the working 
height of the plate when being 
awn) is 2ft. 6in. above floor 
vel. Like the hydraulic jacks 
that hold the plate in position, 
the conveyors are not spaced 
evenly along the length of the 
machine, but are grouped more 
closely at the control panel end so 
that short lengths of plate can be 


accommodated without difficulty. General view of the Wadkin high speed plate saw showing the 18 pairs of hydraulic 


The plate conveyors were built by 
the Albert Mann Engineering Co., 
Ltd. In order to ensure an accurate square cut when 
end-sawing, a straight-edge is fitted along the length of 
the first pair of conveyors, at right-angles to the line of 
saw cut. 

Aluminium plate up to 55 ft. long can be sawn with 
the machine in its present form, and there is provision 
for ultimate extension to 75 ft. The overall length of 
the machine is considerably greater, for at the control 
end the bed is extended so that the saddle can run out 
cear of the beam support. Arrangements for the 
disposal of swarf (which is carried away by a drag-link 
type conveyor beneath the saw blade) extend the 
machine at the other end, giving a length of nearly 
140 ft. overall. 

Considerable development work has gone into the 


Butt welding wide plate by a technique that ensures 
complete freedom from distortion. 
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jacks, for holding the plate, and the cross traverse conveyors. 


design of the saw blade itself, which is called on to handle 
aluminium alloys with a wide range of hardness. A 
design with a tooth pitch of about 4 in., with a very 
deep gullet, has been found satisfactory for cutting most 
of the usual plate alloys. Teeth are tipped with tungsten 
carbide, and very high feeds and speeds can be employed. 
For example, plate in Noral 2S (commercially-pure 
aluminium) and Noral 26S (a high-strength aircraft alloy 
containing copper), 6 in. thick, has been sawn at a feed 
speed of 90 in./min., with a saw peripheral speed of 
10,000 ft./min. Thinner plates can be cut at greater 
feed speeds, and material of 3in. and below can be 
readily cut at 180 in./min. The controls of the machine 
incorporate safeguards, in the form of interlocked 
switches, to prevent the possibility of operations being 
carried out in the wrong sequence. 


Plate Welding Equipment 


The new wide welded Noral plate has been made 
possible by the successful development at Rogerstone of 
production equipment which enables the company to 
offer aluminium plate up to 11 ft. wide by about 30 ft. 
long, whereas limitations of rolling mills have hitherto 
restricted. aluminium plate made in this country to a 
width of about 7 ft. The availability of the new wide 
plate will be of undoubted value until wider rolling 
capacity for aluminium plate becomes available. Noral 
wide aluminium plate, which is available in the non-heat- 
treatable alloys such as Noral 28, B54S8 and M578 in 
thicknesses up to 0-4 in., is made by butt-welding two 
plates together, in a process that allows the final plate 
to be regarded, for virtually all welded work, as normal 
rolled plate. 

The equipment consists essentially of a 35 ft. long 
concrete base, carrying the welding jig. The two pieces 
of plate to be welded are placed flat, edge-to-edge (with 
an appropriate welding gap) on the jig, which holds them 
firmly in place. The overhanging part of one piece of 
plate is supported on trestles, the other by a plate 
turn-over table. The welding is carried out by an 
Argonaut welding head operating fully automatically on 
a self-propelled carriage, and specific techniques have 
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An example of the 11 ft.-wide aluminium alloy plate 
produced by butt welding. 


been developed to give consistently sound results, 
without distortion, for all plate gauges. The welding 
speed is generally between 15 and 150in./min. After 
completion of the weld, which is made in one pass, the 
top weld bead is removed and the plate lifted off the 
welding rig by an overhead crane. The plate turn-over 
mechanism then reverses the plate for removal of the 
under-bead. <A single panel at one end of the base 
houses the controls for the jig and turn-over mechanism, 
and the main controls for the welding carriage. Power 
for welding comes from a B.O.C. CDR 600 self-contained 
generator and rectifier set. 


Expansion Plans 


Over the next four years Northern Aluminium plans 
to spend £10 million, nearly 80°, of this being for new 
plant and buildings. The major part of this programme 
will be concerned with the expansion of the rolling mill 
at Rogerstone, raising its annual capacity to 75,000 tons 
in such a way that a further increase will be possible— 
at a relatively low cost per ton—to an ultimate capacity 
of 175,000 tons. The remainder of the investment will 
be in further modernisation of the Banbury and Birming- 
ham works. 

The basic reason for the scheme, which is symptomatic 
of the vigorous growth of aluminium as the second 
industrial metal, is to increase the range and lower the 
cost of the Company’s products. A substantial part of 
these is exported directly, and an even higher proportion 
in the form of finished goods made by domestic customers. 
In the face of increasing competition from abroad, and 
the trend for aluminium fabricators to build their own 
plants in countries that have customarily imported 
products from the United Kingdom. more efficient 
production methods have become essential. The 
Company believes that these can best be attained by 
the large modern rolling mill with a high rate of 
through-put, coupled with the necessary flexibility to 
handle the diversity of light-alloy products demanded 
by industry today. 

The augmented mill will be equipped for the economic 
manufacture of a large range of rolled products. Wider 
and longer plate in aluminium and its medium-strength 
alloys will become available to meet the needs of the 
shipbuilding, chemical, atomic energy and_ similar 


industries, and larger sizes of medium-strength alloy 
sheet will be offered for the more economic constructioy 
of road and rail vehicles and for general engineering 
A product with much significance for the airergf 
designer will be massive, heat-treated, high-strength 
alloy plate. In addition, the cost and quality of the 
aluminium and “common” alloy sheet for which the 
mill is already well equipped will be made more attrac. 
tive to the building, packaging and other industries that 
are its main outlets; the increased length of coils wij) 
be of value, for instance, to foil rollers. 

Principal additions to the plant for this development 
will include a powerful, 12-ft. wide hot mill for “ break. 
ing-down ” ingots and rolling large plate ; the addition 
of a third stand to the present two-stand hot-finishing 
mill, with provision for a fourth ; and the introduction 
of hot coiling under tension direct from this mill. Pre. 
heating, annealing and re-melting furnaces will be 
among the ancillary equipment installed to serve the 
new “ hot line,” and cold-rolling facilities will also be 
augmented. Complementary to this is the equipment 
described in this article which has just been put into 
commission. 


Hydrogen-Induced Failure 


THE probiem of delayed brittle failure of high-strength 
steel has become increasingly important, particularly in 
electroplated aircraft parts, with the trend toward us 
of higher-strength level steels. Three principal observa- 
tions have been made about these failures : (1) there isa 
time delay, after the parts have been subjected to load. 
before failure occurs ; (2) failure usually occurs at loads 
well below the design limit ; and (3) hydrogen in excess of 
the residue from the steelmaking process is generally 
necessary for failure to occur. The excess hydrogen is 
usually absorbed by the steel during pickling or electro- 
plating. 

An investigation at Battelle Institute of the causes of 
such failure was conducted by C. R. Simcoe, A. RB. 
Elsea, and E. R. Slaughter (now with General Electric 
Company). The study had as its aim the determination 
of the basic mechanism for such failure, and on the basis 
of the experimental work, the following conclusions were 
drawn : 

(1) Delayed brittle failures can be produced easily in 
unnotched tensile bars if the specimens are continually 
charged with hydrogen while under sustained loads. 

(2) The ultimate tensile strength appears to be the 
most important metallurgical variable in delayed brittle 
failure. 

(3) There is a minimum stress for producing a failure. 
At stresses higher than this minimum, the time for failure 
depends on the applied stress. 

(4) The minimum stress for failure and delay times are 
functions of the ultimate tensile strength ; both decrease 
with increasing strength level. 

(5) Both the minimum stress for failure and the delay 
times at higher stresses are insensitive to variations 
composition and structure of the steel as the latter 
affect the ultimate tensile strength. 

(6) A qualitative relationship has been established 
between hydrogen content, ultimate tensile strength. 
applied stress, and time required for delayed brittle 
failures to occur. 
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Alloys of Titanium and Zirconium 
Containing Tin 
By R. F. Smart, B.Sc., A.R.T.C. 


Tin Research Institute 


Tin is an important alloying element in titanium and zirconium, especially in those 
alloys designed for creep resistance. A review is presented of the effect of tin on titanium 
and zirconium, and of the properties of alloys of those metals containing tin. 


HE increasing use of titanium in the aircraft 
T industry and of zirconium for nuclear reactor 

applications has been due not only to the inherent 
properties of these metals, but also to the development 
of alloys whose properties, superior to those of the 
walloyed material, are satisfactory for specific purposes. 
The addition of tin to titanium or zirconium greatly 
influences the properties of both metals, and binary 
alloys have been found to possess good high-temperature 
trength. It is, however, as an alloying addition in the 
development of creep-resistant titanium and corrosion- 
rsistant zirconium alloys that tin is being used 
commercially. 


TIN IN TITANIUM 


Titanium is used in the aircraft industry, mainly 
because of its low density (4-5 g./ce.) and excellent 
wrrosion resistance. The pure metal undergoes a phase 
transformation at 882° C. from a low temperature close- 
packed hexagonal structure (a) to a high temperature 
hody-centred cubic phase (8). The a-phase is ductile, 
«that, for use under conditions of stress, the metal must 
te alloyed to increase its strength. 

Depending upon whether the alloying element has a 
greater or a lesser solubility inthe a- than in the f- 
phase, the transition temperature is raised or lowered 
by the addition, so that the element acts either as an 
a or as a f-stabiliser. Two groups of a-stabilisers can 
bedistinguished. The alloying element may go into solid 
vlution interstitially in the titanium, as do oxygen, 
nitrogen, and carbon, or it may enter into substitutional 
lid solution. Of the elements in the latter class, 
aluminium, tin and hafnium have appreciable solubility 
in a-titanium. 

Controlled additions of oxygen, nitrogen and carbon 
tan be used to enhance the strength of titanium, with a 
corresponding decrease in ductility. This additional 
strength is, however, rapidly lost at higher temperatures, 
% that such elements are now considered to be con- 
taminants and are, as far as possible, excluded from the 
metal. Oxygen may, however, be added as an alloying 
addition to give strength to titanium produced by the 
sodium reduction process, since this material is very soft. 

The 8-phase is unstable at room temperature, and only 
by the addition of one or more of the £-stabilisers, which 
include the transition elements, can it be retained ; 
fairly large quantities of the alloying elements are 
required, so that the alloys tend to have relatively high 
densities, and are expensive. Commercial attention has 
therefore turned to alloys whose structure, after suitable 
heat treatment, consists of the mixed (a + {)-phase ; 
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these necessarily contain a f-stabiliser and may, or 
may not, have in addition an a-stabiliser. Although the 
room temperature properties of (a + £)-alloys are satis- 
factory, they suffer from structural instability at 
moderate temperatures. For creep resistance at higher 
temperatures, therefore, it is necessary to use a-alloys 
whose alloying elements—the peritectoid formers—tend 
to raise the recrystallisation temperature of the alloy. A 
high value of this temperature may be taken as a 
criterion of good creep strength. It is in this group of 
alloys that tin is used commercially. 


Constitutional Diagram 


The titanium-tin system has been investigated at the 
titanium-rich end by Worner,? Finlay, Jaffee, Parcel and 
Dustein,? A. D. MeQuillan¢ and M. K. McQuillan ;5 
Pietrokowsky and Frink® have recently published a 
diagram for the complete system. Considerable dis- 
agreement exists about the results; the diagrams pre- 
sented by the most recent workers are shown in Fig. 1. 

Tin depresses the melting point of titanium to a 
eutectic at 16 at.-°( tin and 1,590° C., but it has little 
effect on the a= transformation temperature. Titan- 
ium will dissolve about 10 at.-°, tin in both a- and £- 
phases ; tin has a larger atomic diameter than titanium 
and addition of tin increases the c/a ratio of the 
a-phase. With concentrations of tin above 10 at.-%, 
an intermediate phase, y, is formed. This has been shown 
by Worner to be identical with the close-packed hex- 
agonal phase of composition Ti,Sn found by Pietro- 
kowsky.? Three other intermetallic compounds have 
been identified by Pietrokowsky and his co-workers.* 7: § 

A recent diagram is that given by M. K. MeQuillan, 
who points out that exceptionally long heat treatment 
times are required to bring the alloys into equilibrium. 
Her diagram (Fig. 1) shows a continuous transition, 
as the concentration of tin increases, from a disordered 
solid solution (a) to an ordered hexagonal structure of 
composition Ti,Sn. It is considered that the stability 
which tin imparts to the hexagonal phase may be 
associated with the preferential formation of bonds 
between unlike atoms. No theoretical treatment of the 
ordering of hexagonal lattices has been made, so that it 
is not known whether the Phase Rule would preclude 
such a continuous transition. Consideration of the 
condition that unlike atoms should be neighbours, how- 
ever, gives support to the theory, for as the amount of 
tin increases, the lattice may tend to a state of short 
range order which could lead continuously, upon further 
tin additions, to complete ordering. The shape of the 
B-solubility limit is peculiar and indicates changes in the 
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Fig. 1.—Constitutional diagram of the titanium-tin system. 


stability of the 8-phase ; such stability changes cannot 
satisfactorily be explained as Brillouin zone effects, 
especially, as McQuillan points out, since the accepted 
valencies of both tin and titanium are four. 

The only diagram of the complete system is that 
published by Pietrokowsky and Frink, and shown in 
Fig. 1. Their results differ from those of all other 
investigators, for they found that addition of tin to 
titanium led to a eutectoid reaction at 9-5 at.-°, tin 
and 865°C. They are also alone in finding that the 
solubility of tin in 8-titanium is greater than it is in the 
a-phase, which implies that tin should be classed as a 
B-stabiliser. In all, four intermediate phases occurred 
in the system ; these had close-packed hexagonal struc- 
tures and were assigned the compositions Ti,Sn, Ti,Sn, 
Ti Sn, and Ti,Sn;. Ti,Sn and Ti,Sn; formed congruently 
from the melt, and the other two compounds were 
obtained by peritectic reactions. Of the four compounds, 
only Ti,Sn had an appreciable range of composition, 
whereas Worner found that Ti,Sn existed over a range 
of composition. No solid solubility of titanium in tin 
could be detected, and the final solidification temperature 
for all alloys containing more than 45 at.-°, tin was 
232° C. 

Alloys 

Titanium containing small amounts of tin consists of 
a-solid solution at room temperature. Titanium-tin 
alloys retain a much greater proportion of their room 
temperature strength at high temperatures than does 
unalloyed titanium. Suiter® found that the addition of 
6 at.-°% (13 wt.-°%) tin increased the room temperature 
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strength of Kroll titanium from 34 to 50 tons sq. in. 
with only a slight decrease in ductility. A graph of 
strength against testing temperature showed _ three 
distinct temperature ranges which were independent of 
tin content. Below 300°C. and above 500°C. the 
strength fell off rapidly as the temperature increased 
between these temperatures the strength remained 
roughly constant. Even at 500°C., however, the 6 
at.-°, tin alloy had an ultimate tensile strength of 
25-4 tons sq. in., which is more than twice as great a 
that of unalloyed titanium at this temperature. Alloys 
with more than 6 at.-°, tin failed in an intercrystalline 
manner above 500° C. and had low values of elongation 
at fracture. In a further study, Suiter'® investigated 
the properties of a titanium alloy which contained 
11-4 at.-°, tin. This composition lies beyond the 
a-solubility limit, so that the structure was two-phased. 
and consisted of a solid solution + Ti,Sn. At all 
temperatures, the alloy was much stronger than the 
single-phase alloy with 6 at.-°, tin, and at 500° C. had an 
ultimate tensile strength of 40 tons/sq. in. ; at room 
temperature, however, the presence of Ti,Sn caused 
brittleness. Craighead, Simmons and Eastwood! added 
small quantities of tin (up to 1-69 at.-°%) to titanium, 
but concluded that the additions had little effect on the 
tensile properties: the alloys were not susceptible to 
solution or ageing treatments. 

The oxidation of refined titanium was found by 
Jenkins’? initially to follow a parabolic law in the range 
650°-950° C. With binary titanium alloys containing 
5 at.-% of zirconium, aluminium or tungsten, the rate of 
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oxidation was slightly increased, but with a tin alloy of 


this composition the behaviour was remarkable. At 
750°C. the alloy had only slightly greater reactivity 
than the pure metal, but at 850°C. and 900°C. the 
offect of tin on the oxidation resistance was catastrophic. 
The sudden change in the oxidation rate at about 850°C. 
vemed to be due to a serious change in the oxidation 
process ; Jenkins concluded that the presence of tin 
increased the diffusion rate of oxygen in the scale, but 
reduced it in the metal. 

A comprehensive study of the effect of up to 22-5 
wt.-°, tin on titanium and titanium-base alloys has been 
published in a patent by Jaffee, Ogden, Maykuth and 
finlay.* They confirmed that additions of tin greatly 
trengthened titanium while allowing it to retain 
aifficient ductility for fabrication purposes. Thus, 
titanium, which unalloyed had an ultimate tensile 


trength of 19-2 tons/sq. in. and an elongation of 40°), 


exhibited, with the addition of 22-5°, tin, a strength of 


6-5 tons/sq. in. and an elongation of 11°,. Several 
remarkable facts emerge from this patent, amongst 
them the claim that the presence of 5°, or more of tin 
inreases the tolerance of titanium to interstitial elements 
tosuch an extent that commercial titanium, of a purity 
which would not be sufficient for normal use, can be 
wed if alloyed with tin. It is also claimed that the 
addition of the interstitial elements substantially in- 
reases the tensile strength of the alloy without reducing 
the ductility to a level which prevents working. Quoted 
igures show that the addition of 0-5°% carbon to the 
i’, tin alloy approximately doubled the yield and 
itimate tensile strengths without reducing the ductility ; 
xygen and nitrogen additions had a similar effect. An 
illoy containing 19%, tin and 0-2%, carbon had a 
trength of 71-4 tons/sq. in. It appears that titanium- 
tin alloys can be heated to elevated temperatures in air 
and, although they scale freely, contamination is pre- 
vented since the interstitial elements will not penetrate 
the alloy. 

Tin is not regarded by these workers as an a-stabiliser, 
jut is considered to be unique among alloying elements 
added to titanium ; as a consequence of the appreciable 
wlubility in both a- and £-titanium, and because tin 
loes not greatly alter the transition temperature of the 
metal, it is claimed that tin may act either as an a- 
ras a B-stabiliser, according to the base to which it is 
added. In addition to a-alloys, it is thus possible to 
obtain 8 and (a + 8) ternary alloys in which tin is 
present. The addition of one or more of the transition 
metals (8-stabilisers) increased the strength of both 
iodide-titanium-tin and commercial purity titanium-tin 
alloys markedly, iron being particularly effective ; an 
alloy of commercial titanium with 10°, tin and 5%, iron 
had an ultimate tensile strength of 84-8 tons/sq. in. and 
an elongation of 5%. The addition of a-stabilisers such 
4s antimony, indium, bismuth and silver, also increased 
the strength of the titanium-tin alloys; the titanium 
alloys containing tin and aluminium showed particularly 
good properties, and their strengths could be improved 
till further by the addition of the interstitial elements or 
of a 8-stabiliser. Thus, a commercial purity titanium 
alloy containing 13% tin and 3% aluminium had a 
strength of 60-3 tons/sq. in. and an elongation of 12%; 
the addition of 0-2% carbon raised the strength to 
(3-2 tons/sq. in. without altering the value for the 
elongation. An alloy containing 10% tin, 3% aluminium 
and 19°, molybdenum had an ultimate tensile strength 
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of 80-4 tons/sq. in., with 3%, elongation. The presence 
of tin was also claimed to be beneficial in the production 
of titanium alloys, since the fluidity it gives to the melt 
promotes chemical homogeneity in the ingot. 

The a- and f-alloys retained their strengths at high 
temperatures because of the stability of the single-phase 
structure, and their properties were unaffected by heat 
treatment. Although both types could be welded satis- 
factorily, the a-alloys had superior welding properties, as 
well as being less prone to high temperature corrosion 
or to segregation of the alloying elements. The (a + £)- 
alloys had strengths comparable to those of the a- and 
of the B-alloys at room temperature and slightly above. 
Despite the attractive properties displayed by the many 
different alloys in this patent, however, the only titanium 
alloys containing tin in commercial use are those of the 
titanium-aluminium-tin system. 

For the commercial production of a-alloys for creep 
resistance, the use of aluminium, as a single alloying 
addition, has many advantages. It alone of the a- 
stabilisers raises the transition temperature appreciably ; 
it is cheap and easily obtainable, and the low density of 
aluminium gives an alloy of low density and high 
strength/weight ratio. Ogden, Maykuth, Finlay and 
Jaffee! found that the addition of aluminium caused a 
considerable increase in the strength of titanium. 
Satisfactory hot working properties were obtained with 
aluminium additions up to 7 wt.-%, (corresponding to 
the limit of solid solubility in titanium), but even in this 
range the amount of cold rolling which the alloys could 
withstand was markedly reduced by the presence of 
aluminium. recrystallisation temperature was 
raised from 600° C. for unalloyed titanium to 800° C. for 
the 5°, alloy. The addition of 7°, aluminium gave a 
strength of about 47 tons/sq. in., and a minimum 
ductility of 15°, was reached with 4°, aluminium ; the 
presence of 5°, aluminium increased the hardness from 
100 V.P.N. to 280 V.P.N. The hot rolled alloy exhibited 
anisotropy, which increased linearly with increasing 
aluminium content, and may, it is believed, contribute 
partly to the poor working properties. 

This poor workability limits the amount of aluminium 
which can be added. However, additions of up to 5°, tin 
to the titanium-aluminium alloys increase the strength 
of the alloys without greatly reducing their ductility at 
room temperature, or their workability at high tempera- 
tures. The results obtained by Finlay, Jaffee, Parcel 
and Dustein® by adding tin to iodide titanium-aluminium 
alloys are shown in Fig. 2 ; the results obtained by using 
commercial purity titanium are also given. 

The optimum strength and workability is obtained 
with the 5°, aluminium-2}°,, tin alloy, and this has been 
developed commercially. The alloy, which is a in 
structure, is used in the annealed condition and can be 
supplied as sheet ; the tensile strength of the material is 
more than 59 tons, sq. in. at room temperature, and its 
creep resistance, up to 300°-400° C., is good. Fig. 3 
shows the variation in properties with temperature of 
alloys of this composition made from sodium-reduced 
titanium sponge ; values for the ultimate tensile stress 
and the creep stress of an alloy fabricated from mag- 
nesium-reduced sponge are given in Fig. 4.1° The results 
of Finlay et al.3 show that the impact strength of the 
alloy is good. At room temperature, a value of 20 ft. lb. 
was obtained from Charpy specimens ; this value fell to 
16 ft. lb. at — 40° C. The bend ductility was rather low, 
and did not improve at temperatures up to 480°C. The 
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Fig. 2._-Properties of titanium-aluminium alloys to which 
tin has been added (after Finlay et al). 


fatigue limit was nearly 60°, of the ultimate tensile 
strength, and the alloy was not greatly notch sensitive. 
The strength of the 5°, aluminium-2}°, tin alloy can be 
increased to 60 tons ‘sq. in. with only a slight decrease in 
ductility - if the tin content is raised to 5°, fabrication 
becomes difficult. 

For creep resistance at elevated temperatures, how- 
ever, the best alloy is undoubtedly that containing 13°, 
tin and 23°, aluminium, which retains useful creep 
strength up to 500°C. This a-alloy has been developed 
by I.C.I. and has been used as a material for turbine 


minium-2}°,, tin) at elevated temperatures (after Inglis). 


compressor blades in aircraft. At room temperature, the 
alloy has a strength of 68 tons sq. in.; its propertig 
have recently been discussed by Inglis. A compromig 
must be effected between aluminium additions (whic 
give strength) and tin additions (which retain ductility), 
and this leads to the selected composition. In the 
annealed condition, the creep characteristics are poor, 
and the alloy is normally heat treated before use. Hea; 
treatment consists of quenching from the  B-field 
followed by annealing in the a-field. The latter treatment 
necessitates quenching the specimen: this may be q 
disadvantage with larger sections, but it allows a cop. 
siderabie range of hot-working conditions. 

It is believed that it may be possible to develop , 
controlled hot working and annealing method which 
will give results similar to those obtained after the 
present heat treatment. 

At 400° C., however, the alloy in either the annealed 
or heat-treated condition will give less than 0-1°, total 
plastic strain in 300 hours at a stress of 25 tons sq. in, 
but at 35 tons sq. in., at the same temperature, the total 
plastic strain in 300 hours can vary from 0-175°, for 
quenched material to 0-981°, for the alloy after air. 
cooling. When the temperature is raised to 500° C., it is 
essential that the heat-treated condition be used for 
stresses as low as 15 tons sq. in.) The mechanical 
properties of the alloy are shown in Fig. 5: further data 
have already been published .%'7 — Even in the worst 
condition, the alloy has markedly better creep character- 
istics at higher temperatures than any other commercial 
titanium alloy. Recently, it is understood, difficulty 
has been experienced with large forgings, after cooling to 
room temperature, due to brittleness ; the reason for 
this is not, at present, fully understood. 

The a-alloys may, in general, be welded satisfactorily 
both the 5°, aluminium-2$°, tin and the 13°, tin- 
23°, aluminium alloys can be welded in the form of thin 
sheet, although the possibility of cracking exists if 
greater thicknesses are used. It has been suggested'* 
that this is perhaps associated with the good creep 
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Fig. 4..-Tensile stress and creep stress of titanium-5°,, 
aluminium-2}°,, tin alloy. Creep stress is defined as stress 
to produce 0-5°,, plastic strain in 1,000 hours (after Jaffee). 


characteristics of both alloys. Welding is probably best 
carried out in a specially constructed chamber, in an 
argon atmosphere, using the tungsten-are process ;'* 
or, alternatively, the low tin alloy can be welded 
successfully!® by both the manual and automatic inert 
gas shielded, non-consumable electrode process. In an 
argon atmosphere, furnace brazing of this alloy has been 
carried out using nickel-copper as a brazing foil.’* 


Future Developments 

The future need in the titanium industry is for an 
alloy which will be suitable for sheet applications, and 
which will have a very high strength after heat treat- 
ment. In the annealed condition, however, the strength 
must be low enough to allow satisfactory and not too 
expensive working of the material before heat treatment. 
So far, (a + f)-alloys are being developed towards this 
aim, and, as far as commercial practice is concerned, tin 
does not figure among the compositions considered. 
Substantial creep resistance is required from these alloys 
up to about 400° C., but none can be expected to show 
creep properties comparable to those of the 13°, tin- 
2}°, aluminium alloy at a temperature of 500° C. For 
use at the highest temperatures, therefore, the a-alloys 
will presumably still be preferred. 


TIN IN ZIRCONIUM 

Zirconium is very similar, physically and chemically, 
to titanium ; it exists at low temperatures as a close- 
packed hexagonal phase and at high temperatures as a 
body-centred cubic phase, the a= transformation 
occurring at 865°C. Zirconium has a higher density 
(6-5 g. cc.) than titanium, and its tensile strength at 
room temperature, on a strength, weight basis is inferior 
to that of titanium, magnesium or aluminium alloys. 

Since zirconium possesses good corrosion resistance 
and has a low absorption cross-section for thermal 
neutrons, it is suitable for use in nuclear reactors as a 
canning material, especially at high temperatures. 
Hafnium, whose neutron-capture cross-section is large, 
occurs naturally in small amounts with zirconium and 
must be removed, by processes which are at present 
costly, from zirconium for nuclear applications. 
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In addition to poor room temperature strength and 
resistance to creep, the oxidation resistance of unalloyed 
zirconium above 400° C. is poor, and its corrosion resist - 
ance is variable, being greatly influenced by the presence 
of impurities. It is therefore necessary to use zirconium 
alloys, rather than the pure metal, for nuclear applica- 
tions. For thermal reactors, beryllium and zirconium 
are the most promising canning materials. In spite of 
difficulties associated with brittleness, beryllium is 
probably better for gas-cooled reactors, but for reactors 
which must be fairly compact (as, e.g.. in submarines), 
a more efficient heat transfer medium such as pressurised 
water is essential. When water is used, zirconium alloys 
show superior corrosion resistance and, in this instance, 
zirconium-tin alloys have proved satisfactory. 


Constitutional Diagram 

An investigation of the zirconium-tin system has 
been carried out by MePherson and Hansen,?° who 
used hafnium-free zirconium and high purity tin, which 
they are-melted under helium. Their diagram, Fig. 6, 
bears some resemblance to the diagram of the titanium- 
tin system. Tin depresses the melting point of zirconium 
and a eutectic is formed at 23-5 wt.-°, (18 at.-°,) tin 
and 1,590°C.; the transformation is raised 
appreciably (by more than 100°C.) by the addition of 
tin, to a peritectoid at 980° C. 

Three intermediate phases were detected and located 
approximately by MePherson and Hansen.  Zr,Sn 
(24-55 wt.-°,, tin) was formed by a peritectic reaction 
at 1,325 4 20°C.; Zr,Sn, (tentatively 43-84 wt.-°, 
tin) melted congruently at 1985 , 20°C.: and ZrSn 
(tentatively 56-55 wt.-°, tin) was formed peritectically 
at 1,140° C. Zr,Sn has a tetragonal and ZrSn an orthor- 
hombie structure. 

No appreciable solid solubility of zirconium in tin 
was detected. The solubility of tin in 8-zireconium fell 
from 21 wt.-°, at the eutectic temperature to 6°5°, at 
the transformation temperature ; the solubility in the 
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L be swaged satisfactorily. 
2000- eae 33600 In an investigation of possible creep-regis. 
tant materials, Chubb”? examined the proper. 
J ties of a number of binary zirconium alloys 
| 3200 He found that the addition of molybdenum 
1600)- \ | or niobium (f-stabilisers) caused the greatest 
7 49800 increase in tensile strength at low temper. 
Sus tures, an addition of 4 at.-% of either of thes 
B 72400 strength of zirconium from 16 tons /sq. in, ty 
1!200- + 46 tons/sq. in. The presence of 4 at..\, 
| i 2000 & aluminium raised the strength of zirconium 
| only to 39 tons ‘sq. in., and of 4 at.-°% tin to 
SN 33 tons sq. in. However, this difference 
600 became less as the temperature was increased, 
2a Su, \ | and at 500° C., each of the four binary alloys 
‘1200 had a similar strength ; an addition of 4 at..°, 
Za 1 gave a tensile strength of about 20 tons/s9, 
in. It was predicted that above 500°C 
400 aluminium and tin would be the more efficient 
strengtheners. All four alloying elements have 
WEIGHT */, TIN tions, so that they are suitable for addition 


Fig. 6.-Constitutional diagram of zirconium-tin system (after 


McPherson and Hansen). 


a-phase was about 9°, at the latter temperature, and this 
decreased to 1-5°, at 600° C. Speich and Kulin®! found 
that the solubility of tin in a-zirconium varied linearly 
with temperature from about 7°, at 900° C. to 1-25°, at 
500° C., below which it rapidly fell to a negligible value 
at 200°C. The low solubility of tin in the a-phase is 
surprising, since both the size factor and the electro- 
negativities of the elements favour extensive solid 
solution formation ; it is also peculiar that tin should 
have an appreciable solubility in a-titanium but not in 
a-zirconium. 


Alloys 


Elements added to zirconium for alloying purposes 
may be divided into peritectoid and eutectoid formers, 
in a manner similar to that used for titanium alloys. The 
peritectoid forming elements, which include aluminium 
and tin, raise the recrystallisation temperature of 
zirconium most effectively, and are therefore suitable 
alloying additions for the development of creep-resisting 
alloys. In addition to the need for a high recrystallisation 
temperature, it is known that, in general, a number of 
small additions of different elements is more beneficial 
for creep resistance than a single, larger addition ; the 
difficulty in the case of zirconium, however, is that with 
additions of e.g. aluminium + tin, the hot hardness of 
the alloy is so great that it becomes virtually unworkable. 
As a compromise, therefore, mixed “ peritectoid- 
eutectoid ” alloys, in which the eutectoid former reduces 
the hot hardness, are being developed. 

Anderson, Hayes, Roberson and Kroll,”* in an early 
examination of zirconium-tin alloys containing approxi- 
mately 0-1°, carbon and 0-05°, iron, found that the 
addition of 0-69°, tin gave a material with a tensile 
strength of 32-0 tons/sq. in. and an elongation of 20°, ; 
an alloy containing 5-56°, tin had a strength of 44-6 
tons/sq. in. and an elongation of 9°,. These results 
were obtained from room temperature tests ; when the 
tests were carried out at 650°C., the strength fell to 


6-2 tons/sq. in. and 7-9 tons/sq. iN... Pesper. 


to zirconium for use as a canning material, 
Tests on the creep properties of the binary 
alloys showed that the aluminium alloys gave 
better resistance than did those of molybdenum, and the 
addition of tin resulted in a material which was mor 
satisfactory than alloys with the eutectoid formers, 
niobium, titanium, tantalum or vanadium ; the creep 
properties of a number of the alloys are shown in Fig. 7. 

With ternary alloys, it was known experimentally 
that a hardness greater than 30 V.P.N. at the hot rolling 
temperature caused difficulty in rolling due to cracking; 
the a-zirconium-tin-aluminium alloys could be rolled at 
800° C. only if the total alloying content did not exceed 
4 at.-°,. Chubb found that the addition of molybdenum 
or niobium to zirconium-tin or zirconium-aluminium 
alloys, respectively, gave peritectoid-eutectoid 
alloys which could be rolled. The lower hardness 
of these alloys was due to the presence of the 
B-phase at this temperature. The alloys were brittle if 
the 8-phase were rapidly cooled, and for maximum due- 
tility they required to be rolled at as low a temperature as 
possible ; for higher strengths, they were rolled or heat 
treated at a higher temperature. Chubb treated the 
alloys to obtain maximum ductility, and found that the 
zirconium-tin-aluminium alloys had much less ductility 
than the “ peritectoid-eutectoid ” alloys, although the 
room temperature strength of both alloys was similar 
for the same alloying content ; an alloy containing 2°6 
at.-°, tin and 1-7 at.-°, aluminium had an ultimate 
tensile strength of 43-8 tons /sq. in. and a total elonga- 
tion of 14°, at room temperature. The ternary alloys. 
in general, had better creep resistance at 500° C. than 
the binary alloys; their creep properties are given I 
Fig. 7. 

The properties of the “ peritectoid-eutectoid ” alloy 
containing 2-9 at.-°% tin and 1-5 at.-%% molybdenum 
(4 wt.-% and 1-6 wt.-% respectively) have been 
thoroughly investigated more recently by Chubb.™ 
By variation in the cooling rate, the structure could be 
varied considerably. Maximum ductility and lowest 
strength were found with the a-annealed equilibrium 
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ructure ; greatest strength was obtained with alloys 
woled in air from 900° C., and intermediate strengths 
resulted after quenching in water. Some weak £-phase 
was retained in the water-quenched alloy, and this led to 
a decrease in hardness. The greater strength of the air 
cooled specimens resulted from the decomposition of the 
retained 6; such decomposition is detrimental to 
ductility. Thus, by variation of the heat treatment, the 
mechanica! properties could be altered, so that the 
strength lay between 40 and 64 tons/sq. in. ; the proper- 
ties of the alloy in various conditions are given in Table I. 
The alloy, after rolling at 800° C. and furnace cooling, 
could be cold reduced by more than 20°, without crack- 
ing. The creep resistance at 500° C. was good, and was 
superior to pure zirconium up to 700°C.; at 800° C., 
however, the latter was better, probably because of the 
presence of B-zireconium in the ternary alloy at this 
temperature. After hot rolling at 800° C. and cooling in 
air, the impact strength was found to be low (about 9 ft. 
ib.) but this was shown not to be due, as originally sus- 
pected, to hydrogen pick-up. Minor variations in compo- 
sition could be tolerated without detriment to the proper- 
ties of the alloy; a decrease in molybdenum content 
gave a more ductile alloy. 

In addition to these alloys, a series of corrosion- 
resistant alloys containing small amounts of tin has 
recently been developed commercially ; Zircaloy 1 
contains 2-5 wt.-%, tin, Zircaloy 2, 1-5% tin, 0-12%, 
iron, 0-05°,, nickel and 0-10°%, chromium, and Zircaloy 
30-25%, tin and 0-25%, iron. Zircaloy 2 has the best 
strength and corrosion resistance of the three, and has 
been used in nuclear reactors. Thomas and Forscher® 
have stated that while the strength and resistance to 
corrosion in high temperature water of Zircaloy 2 are 
better, the ductility and thermal neutron cross-section{do 
not differ greatly from the values of these properties in 
unalloyed zirconium. The properties of the alloy, as 
given by Thomas and Forscher, are shown in Fig. 8 ; 
the 60°, cold-rolled alloy had a tensile strength at room 
temperature of about 50 tons/sq. in., with a reduction of 
area of 35°, and an elongation of 5°, at fracture. If 
cold rolling were continued beyond 60°, edge cracking, 
which could lead to failure, occurred. There was little 
evidence of anisotropy in the tensile results, but the hard- 
ness in the rolling direction could be as much as 20 V.P.N. 
wits higher than in the transverse or longitudinal 
(ross-sections. Within the temperature range 150°- 


TABLE I.—EFFECT OF HEAT TREATMENT ON THE TENSILE 
PROPERTIES OF ZLRCONIUM—2-9 AT.-°, TIN—1-6 AT.-°,. MOLYB- 
DENUM ALLOY (after Chubb) 
Heat Offset Tensile tion to Klonga- 
Treat- Yield Streneth | Maximum tion in El 
ment Strength in Load 1 in. ey 
tons/sq. in. % % Ib. /sq. in 
1 24 41 
2 20 24 15 
3 5 9 lz 
4 3 2 ly 
2 1 > 
6 2 3 5 
7 | Ww 
lreatment 1: Hot rolled at 800° C. and air cooled. 
Treatment 2: Standard fabrication procedure: hot rolled at 800° C., furnace 
cooled, cold rolled, heated to 730° C. for 3 hours, furnace cooled. 
Treatment 3: Hot rolled at 800° C., reheated to 800°C. for 2 hours, water 
quenched. 
Treatment 4: Heated to 900° C. for 1 hour, water quenched. 
Treatment 5: Heated to 900° ©. for 1 hour and air cooled in a Vycor capsule. 
Treatment 6 : Heated to 900° C. for 1 hour, furnace cooled at a rate of 50° C. per 


hour. 
Heated to 900° C. for 1 hour, cooled to 700° ©. and held for 24 
hours, furnace cooled. 


Treatment 7 : 
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alloys at 500° C. (after Chubb). 


350° C., the alloy showed brittleness which was probably 
associated with the presence of hydrogen. 

The corrosion resistance of unalloyed zirconium is at 
first good, but after a period of time, which is highly 
variable and is shortened by the presence of impurities 
such as nitrogen, the surface film of ZrO, becomes non- 
adherent. Boyd, Maykuth Peoples and Jaffee* found, 
in studying the corrosion of zirconium alloys in hot 
water and steam, that the presence of carbon or nitrogen 
was detrimental ; oxygen in amounts between 0-07°, 
and 0-35°%, had no effect. The resistance was improved 
most effectively by the addition of small amounts of iron 
and nickel; after these elements, chromium and tin 
were most beneficial. With Zircaloy 2, the time at which 
the first corrosion period is interrupted becomes highly 
reproducible and insensitive to impurity content, and the 
corrosion product in the second period is adherent, so 
that the corrosion rate is low ; these advantages become 
more important as the temperature increases. It was 
originally thought that the hydrogen content of the 
zirconium could become so great that ZrH was precipi- 
tated at the metal/oxide interface, causing the oxide 
film to become non-adnerent on unalloyed zirconium, 
and causing transition to take place with Zircaloy 2. 
However, Thomas and Kass?’ have recently shown that 
transition occurs. even after exposing the alloy only to 
oxygen at 400° C., so that it is not associated with the 
presence of hydrogen ; they suggest that a distinction 
should be drawn between this transition, which involves 
only a change from a quasi-cubic to a linear corrosion 
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Fig. 8. -Effect of temperature on properties of Zircaloy 2 (after Thomas and Forscher). 


rate law, and * breakaway ” when the film on unalloyed 
zirconium becomes non-adherent and which may be 
associated with pick-up of hydrogen. The presence of 
the alloying elements in Zircaloy 2 prevents this ** break- 
away,” and it has been suggested by Ball** that tin 
preferentially forms a compound with nitrogen, which 
does not therefore affect the properties, and that, of the 
other alloying elements, nickel alone, in the correct 
amount, will confer corrosion resistance. 

Welding of the zirconium-tin alloys can be carried out 
successfully, although Zircaloy 2 welds may be embrittled 
by the precipitation of intermetallic compounds in the 
weld zone during reheating and slow cooling during 
multipass welding.2® The 2-9 at.-°, tin + 1-5 at.-% 
molybdenum alloy can be butt or seam welded using 
pure zirconium as a filler.24 The weld and the heat 
affected zones are brittle, and the weld zone is marten- 
sitic ; the hardness, however, can be reduced and the 
ductility restored by suitable heat treatment. 

Saller, Dickerson and Foster®® studied the properties 
of zirconium-tin alloys induction melted in graphite 
crucibles in vacuo. They found, on comparison with are- 
melted alloys of similar composition, that the induction 
melted material had higher strength, lower ductility 
and lower corrosion resistance to high temperature 
water. Since vacuum induction melting is relatively 
inexpensive, however, these authors suggest that induc- 
tion melted alloys could be used where the conditions of 
service are not too severe. 
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Ghana Iron Ore Discovery 


Iron ore has been discovered in several parts of Ghana 
and is now being examined by the Geological Survey 
Department. In a message from its local Head Office at 
Accra, Barclays Bank D.C.O. says that the only large 
deposit noted is in the hills of Shiene in the Yendi 
district, but this is regarded as too remote for considera- 
tion, as its price would not pay for long overland 
transport. 


£1 Million Foundry Development Plan 


A £1 MILLION development plan at the Csepel Metal 
Works, Budapest, will save Hungary imports totalling 
half a million dollars a year when completed. Under the 
current three-year plan, a modern vacuum furnace and 
sheet metal rolling plant will be built. Special tempering 
equipment will be installed which will be suitable “ for 
improving the electric properties of metal,” reports the 
newspaper Népszabadsag. 
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Rolling Mill 
Drives 


Some Recent 
Electrical 
Installations 


OT so many years ago, an appreciable proportion 

of the electric rolling mill drives commissioned 
replaced existing steam engine installations. 
Today, the steam driven rolling mill, whilst not entirely 
extinct, is rapidly becoming so. In consequence, most 
of the present installations are either for new mills or 
for the modernisation of earlier electric drives, although 
oe order received by Metropolitan-Vickers is for a 
|,750 h.p. motor to replace a beam engine drive at John 
Williams (Wishaw), Ltd. In this article, brief particulars 
are given of some of the drives recently commissioned, 
and of orders received for this type of plant. 


Cogging and Slabbing Mills 


The past year has seen the starting-up of the largest 
D.C. relling mill motor built by B.T.H. since 1920, and 
one Which is amongst the largest in the country. This is 
the 7,000 h.p., 50/100 r.p.m. double-unit motor driving 
the 43 in. cogging mill at the Steel, Peech and Tozer 
works of the United Steel Companies, Ltd. This motor 
replaced a 6,000 h.p. B.T.H. motor supplied in 1919. 
Alo with the new motor was installed new control 
equipment designed to ensure the maximum possible 
output from the mill. A new motor-generator set 
forming part of this drive was put into operation in 
December 1956. Two weeks were allowed for the 
changeover of motors, and in this time the old motor 
was removed, the new one installed, connected up, and 
successfully tested with the new control gear. 

One of the highlights of the year at the Stafford 
Works of English Electric was the demonstration of the 
main drive of a new high-lift slabbing mill for a large 
steelworks in Australia. These tests, part of a two-day 
‘ymposium, were carried out in the presence of leading 
engineers from major ferrous and non-ferrous works in 
many parts of the world. The twin drive motors have a 
total r.m.s. rating of 12,000 h.p. at 50/80 r.p.m. with a 
peak (cut-out) torque of 515 metre-tons. 

n July, a Metropolitan-Vickers twin drive for a 
large blooming mill for Dorman Long (Steel), Ltd., was 
‘ommissioned at their Cleveland Works. The installation 
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Courtesy of The General Electric Co., Ltd. 


Entry section of electrolyte tinning line at the Velindre Works of 


the Steel Company of Wales. 


comprises two 2,500 h.p. 40/90 r.p.m. motors with 
associated flywheel m.g. set and control equipment. 

Orders received by Metropolitan-Vickers include one 
for two D.C. motors of 900 h.p. and 500 h.p. and asso- 
ciated control and rectifier equipment. These are for a 
slabbing mill at Steel, Peech and Tozer, originally driven 
by an A.C. slipring induction motor through gearing to 
two stands, which is to be converted to individual drive 
and an edger stand added. From the Lancashire Steel 
Corporation, the company received an order for a 460V. 
motor supplied from a 440 kW. motor-generator set 
with Ward Leonard control gear, for a cogging mill 
screwdown at the Corporation’s Irlam Works. 

Home market orders received by English Electric 
include one for three twin drives, each capable of 2 
4,600 h.p. (r.m.s.) at 40/80 r.p.m., and having peak 
(cut-out) torques of 492 metre-tons. These will power a 
45 in. slabbing mill and two 144 in. plate mills. The 
contract also includes the three Ilgner sets, control 
equipment, and all the auxiliary drives associated with 
the plant. 


Plate and Section Mills 


Steady progress has been made with the electrical 
equipment for the universal broad flange beam mill at 
Dorman Long’s Lackenby Works, which is to be com- 
missioned this year. The B.T.H. contribution com- 
prised three flywheel motor-generator sets, two of 
8,600 kW., one of 6,450 kW., and two 2,700 h.p. twin 
drives for edger stands. Three 8,000 h.p. 65/160 r.p.m. 
motors have been supplied by Metropolitan-Vickers for 
the main mill drives, together with two twin motor 
drives of 1,350 h.p. 125/310 r.p.m. 

Work is continuing on the twin 4,000 h.p. main driving 
motors, motor-generator set, control equipment and 
cabling, which Metropolitan-Vickers have in hand for a 
new four-high reversing hot mill for the Appleby- 
Frodingham branch of The United Steel Cos., Ltd. 

For another branch of United Steel, Samuel Fox and 
Co., Ltd., Metropolitan-Vickers have completed an 
order comprising two 4,000 h.p. D.C. motors supplied 
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4 Courtesy of The British Thomson Houston Co., Lid. 

One of the largest D.C. rolling mill motors in Britain is 

the 7,000 h.p. 50/100 r.p.m. double-unit motor supplied 
for a 43 in. cogging mill at Steel, Peech & Tozer. 


from two 1,600 kW. motor-generator sets for the main 
drives of two hot reversing mills ; and a 1,500 h.p. A.C. 
motor, fifteen D.C. motors (200 h.p. to 350 h.p.), mereury 
are rectifier units, and special control gear for an 
eighteen-stand rod and bar mill. 

Among the export contracts received by English 
Electric during the past year was one covering equipment 
for a new rolling plant in South Africa. This involves 
the main twin drive for a 144 in. plate mill, capable of 
2 x 5,000 h.p. (r.m.s.) at 40/100 r.p.m., and a total peak 
(cut-out) torque of 492 metre-tons, together with a full 
set of auxiliary equipment, a new scale breaker, and a 
vertical edging stand for the existing roughing mill drive. 


Strip Mills 


The succession of large B.T.H. rolling mill drives 
installed in Australia in recent years has been continued 
during 1957 with the installation of an 18 in. Morgan 
strip and skelp continuous mill. The drive comprises a 
total of fourteen D.C. motors, ranging from 250 h.p. 
to 1,000 h.p., and these are supplied from two banks of 
mercury-are rectifiers, each rated 3,500 kW., 600 V. 
The rectifier transformers are provided with on-load 
tap-changing equipment and the rectifiers have grid 
control for starting the motors and also for voltage 
regulation. The electrical equipment supplied includes 
also a very large cubicle-enclosed contactor control 
board for the main drive and auxiliaries, a considerable 
amount of A.C. and D.C. switchgear, electronic voltage 
regulators, and Clearcall communication equipment. 

Two orders received by Metropolitan-Vickers in 1956 
from W. H. A. Robertson and Co., Ltd., for driving 
motors, mercury are rectifiers and control gear for wire- 
flattening mills have now been fulfilled, and a further 
order has been received from the same source for a 
similar mill in the U.S.A., which is to be used for produc- 
ing non-ferrous strip up to 0-093 in. wide in thicknesses 
down to 0-012 in. at speeds up to 1,000 ft. min. Supply 
for the three 12} h.p. D.C. driving motors is obtained 
from a 32 kV. rectifier unit. Motor control is by a 
combination of voltage variation and field weakening. 
Tension control between the mill stands is by means 
of dancing roller rheostats and the strip is coiled under 


tension ; the coiler is driven by a squirrel-cage induction 
motor through a slip coupling. The coiler trayeny 
motor is supplied and controlled by a magnetic amplifier 
the speed control being solely by voltage variation, with 
a range of 55/1. 

Extensive modifications were made early last yea 
to a skin pass mill (Richard Thomas and Baldwins, Ltd) 
for which electrical equipment was first supplied by 
Metropolitan- Vickers in 1937. The present modifications 
involved the supply of a new drag generator and booster. 
and the re-designing of the control scheme to incorporate 
amplidyne rotating amplifiers for current control and 
magnetic amplifiers for inertia compensation, resulting 
in greatly improved tension. 

Typical orders placed with English Electric for cold 
rolling plant for Australia included the drives for , 
Sendzimir mill, recoil line, and temper mill for stainless 
steel strip production. Orders have also been received 
for the drives of small cold mills destined for Canada, 
Australia and Japan. 

At the beginning of last year, G.E.C. were entrusted 
with the complete re-electrification of the six-stand hot 
finishing mill at the Ebbw Vale Works of Richard 
Thomas and Baldwins, Ltd. One of the largest steel. 
works contracts at present being engineered in this 
country, the order includes five 4,000 h.p. and one 3,00) 
h.p. slow-speed D.C. motors, 16,000 kW. grid-controlled 
mercury are rectifiers, and the whole of the control gear, 
as well as the ventilation and lubrication systems. 

A large installation completed during 1957 in the 
Sheffield district was the extension to the stainless steel 
strip mill of Shepcote Lane Rolling Mills, Ltd., for which 
B.T.H. supplied electrical equipment. This mill consists 
of two units, the roughing and finishing mills, the drive 
for each of which comprises a D.C. motor supplied froma 
Ward-Leonard motor-generator set. The present instal- 
lation involves the doubling of the power of the finishing 
mill motor from 2,800 h.p. to 5,600 h.p., the supply ofa 
complete motor-generator set for the finishing mill, and 
the conversion of this mill from a simple reversing mill 
to a Steckel-type mill having storage furnaces on each 
side in which the strip is coiled between passes. The 
plant is elaborate and intricate, and a considerable 
amount of control gear is required for the mill and auxi- 


Courtesy of The English Elvetric Co., Ud. 
The motor room for a 19-stand merchant mill at the 
Mo i Rana Works of A/S Norsk Jernwerk, Norway. 
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luction lary drives. As much of this had to be combined with 


ar already existing, the undertaking has been one of 


ravers 

life the largest of its kind ever carried out by B.T.H. 

1, With Two Metropolitan-Vickers series-connected 50 h.p. 
p.¢. motors are to be used for the main drive, and 

t year fe coiler and pay-off reels are each to be driven by two 

: Ltd) 95 hp. D.C. motors at a skin pass mill at Firth-Vickers 


stainless Steels Ltd. Features included are preset speed 
wontrol from the mill desk, current and motor field 
control by means of rotating amplifiers, and use of 
nagnetic amplifiers to ensure accurate and fast compen- 
ation with inertia to the reel drive and control. Means 
ye included to ensure that the value of inertia compen- 
ation is always correct for the coil diameter. Another 
order received by the same company for a 44 in. four- 
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r co) 
for 4 high cold mill (Henry Wiggin and Co., Ltd.), is a dupli- 
sinless: | cation of equipment previously supplied, comprising a 
ceived [300 h.p., 460 V.,360/900 r.p.m. D.C. motor for the main 
nada | mill drive together with associated motor-generator sets 
and control gear. Motors for screwdowns, oil pumps and 
rusted [| other auxiliaries are also being supplied. 
Process Lines 
steel. The installation of three electrolytic tinning lines at 
1 this IF the Velindre Works of the Steel Company of Wales 
3,00) I represents a very substantial increase in the tinplate 
rolled manufacturing capacity of the country. The electrical 
gear, @ driving equipment for these lines, the first of their type 
to be made in the United Kingdom, was supplied by 
n the GEC. Each line comprises three main sections: an 
Steel BF entry section in which successive strip coils are welded 
which J together, three looping pits, and, finally, a processing 
nsists # section in which the strip is tin-plated. The looping pits 
drive F provide a large reserve supply of strip, so that the 
roma # processing section may continue to run at reduced speed 
nstal- while the entry section is stopped for welding a new coil 
shing & of strip to the end of the preceding coil. 
y of a Closed loop systems of speed control govern the speed 
and § of the entry, looping and processing sections through 
mill § electronic amplifiers, with overriding control of the 
each J looping section by means of biasing signals originating 


from photo-electric cell units in the looping pits. Magnetic 
amplifiers in the entry and processing sections control 
the tension. Two of the lines have now been commis- 
sioned, and are already producing more than 2,000 tons 
of sheared tinplate per week. 

Also at the Velindre Works is a new continuous 
annealing line, which is again the first of its kind and 
speed to be installed for tinplate production in Europe. 
Equipment supplied by B.T.H. comprises A.C. and D.C. 
drives (including geared motor units), motor-generator 
ts, open-type contactor control gear and control desks, 
and cabinets and boards for control of the line from the 
mill floor. The line can handle strip of 38 in. width of 
tormal tinplate gauge at speeds up to about 600 ft. /min. 

Electrical equipment is now being manufactured at 
the Witton Works of the G.E.C. for the main drive of an 
lectrolytic pickling line for the Abbey Works of the 
Steel Company of Wales. This will be similar to that 
vhich is already in operation at the Trostre Works of the 
ame company, which was installed in 1952. An order 
for twenty-four steelworks type motors, with generators 
and control gear, for the front and rear table drives of the 
universal mill at the Abbey Works has also been received. 

B.T.H. electrical equipment has been delivered and 
‘commissioned during the past year for the operation of 
‘X process lines including furnace equipment for the 


April, 1958 


iTA 


Courtesy of Metropolitan-Vickers Electrical Co., Ltd. 

A motor generator set consisting of a 4,000-h.p. syn- 

chronous motor driving two 1,600 kW. D.C. generators 

supplying one of the main driving motors of the 32 in. 
mill at Samuel Fox & Co., Ltd. 


Steel Company of Wales, Ltd., Orb Works, Newport, in 
connection with the production of “ grain-oriented ” 
steel strip. The equipment supplied comprises both A.C. 
and D.C. drives, motor-generator sets and cubicle-type 
contactor control gear (extending to more than 220 ft.), 
together with control desks and control cabinets. Early 
1957 also saw the successful commissioning of the high- 
speed cleaning line at Richard Thomas and Baldwins, 
Ebbw Vale Works. This line is capable of cleaning 
steel strip at speeds of up to 2,000 ft./min. 

During the year an important order placed with 
B.T.H. covered motor-generator sets and control gear 
for six process lines of stainless steel strip for the Com- 
monwealth Steel Co., New South Wales, Australia. The 
contractor equipment will be manufactured to B.T.H. 
instructions by Australian Electrical Industries Pty., 


Ltd. 


Miscellaneous 


A pre-set screwdown equipment using punched paper 
tape digitally coded to control the programmes and 
passes of the mill screwdowns is being built by Metro- 
politan-Vickers for a new 48 in. mill at the Corby Works 
of Stewarts and Lloyds, Ltd., as an extension to the 
modifications being carried out to the main drive. To 
increase output from a 32 in. blooming mill, M-V has 
supplied this firm with a motor generator set driving 
motor to replace a 3,000 h.p. motor. 

For finishing processes and auxiliaries Metropolitan- 
Vickers have received two orders from Colvilles, Ltd., for 
the electrical supply and control of an ingot chariot, and 
for driving motors and control gear of a de-seaming 
machine roller table. An order has also been received 
from Steel, Peech and Tozer for recoiler drives for their 
Brinsworth pickling plant. 

The Morgan flying shear at the Lackenby Works of 
Dorman Long (Steel) Ltd., which is capable of cutting 
34 in. square billets and 8 x 1 in. sheet bar at metal 
speeds ranging from 250-630 ft. /min., has Metropolitan- 
Vickers electrical equipment. The shear is driven by 
two 150 h.p. D.C. motors and acceleration and decelera- 
tion are governed by a multi-cam limit switch. Photo- 
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electric cells sensitive to the infra-red radiation from the 
hot billet initiate the cutting cycle. 


Durgapur Steelworks 

An extensive scheme calling for large amounts of 
electrical equipment is the erection by a British consortium 
of a complete iron and steel works at Durgapur in West 
Bengal. The works will incorporate a number of rolling 
mills, including a 42 in. blooming mill and a 32 in. inter- 
mediate mill. The finishing mills comprise a 24 in. 
medium section mill, a Morgan continuous billet and 
sleeper bar mill, and a Morgan merchant mill. There will 


also be specialised mills for railway wheel and ty, 
production. The electrical plant and equipment wijj), 
supplied by B.T.H., English Electric, G.E.C, ay 
Metropolitan-Vickers, and will include about 25, 
motors of sizes up to 7,000 h.p., for the rolling mill driyes 
To enable the Indian Government to operate the ste, 
works as an integrated unit, particular attention has bee, 
given to standards for electrical equipment, and this ha, 
resulted in each of the individual companies manufacty. 
ing a range of equipment for use throughout the ste¢, 
works. rather than one company making all the equip. 
ment installed in a particular area. 


sheet developed by John Summers & Sons, Ltd., 

in conjunction with B.X. Plastics, Ltd., is being 
used for prototype washing machines, refrigerators. and 
office furniture, and there is little doubt that it offers a 
host of possibilities in the manufacture of furniture, 
motor cars, building materials, electrical goods, and many 
types of domestic and industrial items. A particular 
virtue from the manufacturer’s point of view is that the 
need for surface finishing treatments is eliminated. 

Stelvetite is available in steel gauges from 26 s.w.g. to 
16 s.w.g., and in sheet lengths and widths of up to 12 ft. 
and 4 ft., respectively. The P.V.C. coating is 0-014 in. 
thick, and gives adequate electrical insulation up to 
4,000 volts. The reverse side of the sheet can be either a 
Bonderized steel or electro-zine coated surface. Apart 
from being warm and pleasant to the touch, the plastic 
coating is highly resistant to acids, alkalis, greases, 
detergents, weather, humidity and abrasion. 

Perhaps the most remarkable feature of this new 
material is that it can be worked and treated as ordinary 
steel sheet, whilst its outer surface retains all the 
characteristics of P.V.C. It can be bent, formed and 
drawn in the equipment and with the tools normally used 
for uncoated sheet, and it was interesting to note in the 
production of deep drawn swift cups that satisfactory 


J Stelvetite, the new plastic-coated steel 


An example of Stelvetite expanded by the Expanded Metal 
Co., Ltd., indicates how well the P.V.C. adheres at the 
sheared edges. x § 


Plastic Coated Steel 


The use of a hot soldering iron with a sharpened bit tore- 
move the P.V.C. at the edge of Stelvetite sheet, so that it 
can be spot or resistance seam welded by conventional 
methods. 


results could be obtained regardless of whether the plasti 
surface was on the inside or the outside. Furthermore 
although the same dies were used, scratches were not 
visible on the P.V.C. despite the fact that they could be 
seen on the steel. The excellent adhesion between the 
steel and the plastic is demonstrated by the fact that the 
material can be expanded satisfactorily as may be see 
from the illustration. 

Joining of Stelvetite can be achieved mechanically by 
the use of lock seaming, simple hook joints, riveting, ete 
Two P.V.C. surfaces can be joined by high frequency 
welding and in this way Stelvetite can be joined tv 
P.V.C. upholstery, ete. Labels can also be attached te 
the coating by this means. Spot and resistance seal 
welding by conventional methods can be carried out after 
local removal of the coating, but projection and stud 
welding is possible by a special! technique without 
destroying the P.V.C. This involves the use of two 
electrodes on the steel side and a high current and rapid 
time cycle. 


METALLURGE 


fc 


2 4 and 

| 4 phe 

witl 

that 

life 

and 

| = = 

crac 

by 

but 

T 

ai 

gen 

| the 

sten 

| sine 

| stru 

192 4 


ind tyre 
t will he 
te and 
II drives 
he steel. 
has been 
this has 
ufactyr. 
he steel, 
equip. 


it to re- 
that it 
ntional 


plasti 
rmore 
re not 
uld be 
en the 
at the 
e seell 


Ily by 
g, ete 
uency 
ed to 
red to 
seani 
t after 
| stud 
ithout 
f two 
rapid 


“Size” Effects and Their Possible Significance 
for ““Non-Propagating’’ Cracks in Metal Fatigue 


By W. J. Harris, M.Sc., F.Inst.P. 


Chief Physicist, de Havilland Aircraft Co., Ltd. 


An overwhelming body of experimental evidence exists to support the view that the discrepancies between 
theoretical and experimental values descriptive of the mechanical property behaviour of real crystalline 


solids can be attributed to “‘ imperfections’ or ‘* defects’ in the lattice structure. The fundamental 
role played by “ size’’ or “‘ scale’ phenomena throughout the laws of nature can, it is suggested, in 
the case of the static and fatigue strength of metals and the existence of ‘‘ non-propagating ”’ fatigue 


HE fatigue studies of Frost, Phillips et al'-4 con- 
cerning the influence of geometric stress concen- 
trations on the fatigue strength of certain ferrous 
and aluminium alloys brought to light the interesting 
phenomenon of non-propagating fatigue cracks. 
Such cracks were apparently formed in specimens con- 
taining fairly high theoretical stress concentration factors 
in the form of sharply radiused grooves, and for specimens 
with radii smaller than a certain critica! value it appeared 
that fatigue cracks could form early on in the fatigue 
life of the specimen, propagate to a short finite extent, 
and then cease to propagate, despite the application of 
cyclic stress for a further considerable period. Thus, for 
example, the experiments carried out on a “ notched ” 
high strength aluminium alloy revealed that the fatigue 
crack had attained its maximum length after 5 x 104 
cycles, and did not lengthen after a further 5 x 107 
cycles. It is proposed to discuss in this paper the 
significance of “‘ non-propagating ”’ cracks in fatigue, 
with the emphasis upon the fundamental role exhibited 
by “size” or “ scale ’’ phenomena throughout nature, 
but particularly, in the technical strength of metals. 
The classical picture of crystalline solids, such as 
metals, with a periodic structure on an atomic scale, 
leads to an evaluation of the binding or cohesive forces 
periodic with the lattice structure. The resultant 
theoretical fracture strengths of metals are calculated to 
be some 10-20°, of the elastic moduli, but several orders 
of magnitude greater than the experimental values. This 
discrepancy between theoretical and technical strength 
has evoked much speculation as to the deviations of the 
structure of real crystalline solids from the concept of an 
ideal lattice geometry which could account for the rela- 
tive weakness of real solids. The classical work of 
Griffiths’ on the strength of glass, and his theoretical 
interpretation of the results based on the assumption of 
an inherent flaw pattern has, over the intervening years, 
stimulated further researches into the origin and nature 
of inherent “‘ flaws ” in metals to explain their static and 
dynamic mechanical behaviour. It appears, however, 
that “‘ Griffith Cracks,” if they existed in metals, would 
generally be of sufficient size for direct observation, and 
the abandonment of most theories based on such cracks 
stems from their absence as physical entities in metals 
since, even with the broadest interpretation, no micro- 
structural] details exist which are similar to cracks. It is 
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cracks, be attributed to the existence of characteristic “ flaw patterns.” 


worth pointing out, however, that the absence of cracks 
as discrete discontinuities is not a valid argument against 
the existence of a “ Griffith ’’ mechanism of fracture 
since, of course, stress distribution, but more specifically 
stress concentration arising from lattice discontinuities, 
is of itself sufficient to formulate a theory of fracture ; 
that is to say, the origin and nature of stress concentra- 
tion within the crystal lattice is as significant for a 
“flaw” theory of strength as the existence of physical 
cracks in the generally accepted sense. Some of the more 
elegant theoretical treatments of mechanical properties, 
presupposing the existence of discontinuities of a special 
kind, such as “ dislocations,” have, in the light of 
subsequent experimental work, weighted the evidence in 
favour of identifying such “ dislocations * with some, at 
least, of the characteristic ‘‘ flaws ” in metals. There are 
good reasons for assuming, therefore, that the dynamical 
behaviour of dislocations under applied stress and 
temperature could account for the deviations of theoretic- 
al from experimental values descriptive of the mechanical 
behaviour of metals. 

** Size” or “ scale ’’ phenomena are more frequent in 
nature than might commonly be supposed, and the 
transition from Newtonian mechanics, applicable to 
matter of normal terrestrial magnitudes, to quantum and 
wave mechanics, for matter on an atomic scale, may be 
cited as a well known example ; for matter on the scale 
of the fundamental particles, the law of force (nuclear 
force) seems to be different from the atomic or Newtonian 
kind, and to be peculiar to the scale of the nucleus. The 
essentially statistical character of ‘“‘ wave mechanics ”’ 
and the scale of the phenomena to which they are 
applicable brings out, in a general manner, the significant 
correlation of “ size effects ’’ to the statistical distribution 
of matter; alternatively, the statistical distribution of 
the density of matter may have close similarities with a 
“ flaw ”’ pattern where low density regions delineate the 
‘* flaws ”’ in the broadest sense of the original interpreta- 
tion of flaws.” 


The Evidence for ‘‘ Flaw ’’ Patterns in Crystalline 
Solids 


The idea that really perfect crystals may not exceed a 
certain size, owing to the internal movement of their 
constituent particles, was put forward by Born® in 1947. 
The theory of this phenomenon was later elaborated by 
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Furth." It appears that this critical linear size (nm) in 
terms of atomic dimensions, should approximately 
satisfy a relation of the form 


Be 

where £ is the linear thermal expansion co-efficient of the 
crystal, and @ a characteristic constant with the dimen- 
sions of temperature, called the ‘‘ Debye temperature,” 
which is a measure of the amount of internal vibration 
of the atoms of the solid. Since for most substances @ is 
of the order of a few hundred degrees centigrade, it can 
be shown that », the linear critical value, amounts to a 
few hundred atoms. Furth’ has developed these ideas 
of fundamental lengths in physics and intrinsic block 
structures in crystalline solids in a most convincing 
manner, and leaves little doubt as to the existence of 
size’ or seale phenomena in real crystals. 

Using ideas similar to those proposed by Orowan® on 
the origin of slip bands in polycrystalline metals, Bragg® 
suggested a theory of shear strength which relates the 
size of the intrinsic crystal blocks (mosaic fragments) 
with the technical bulk strength in a remarkably simple 
manner. Wood!° and his collaborators, by X-ray diffrac- 
tion studies of the tensile fracture of metals, arrived 
basically at the same conclusions as Bragg. Wood 
suggested that from the onset of plastic deformation to 
ultimate failure, the metal crystals underwent a progres- 
sive “ fragmentation ” process, resulting in a break up 
of the crystal to smaller * crystallites,’ and fracture was 
coincident with the attainment of a limiting * crystal- 


lite” size. This work led to the simple formulation of 
tensile strength, thus 
Ga 
L 


where o, is the ultimate tensile strength, G the rigidity 
elastic modulus, a the atomic lattice parameter, and 
L the limiting crystallite size. Here again, Wood 
calculates the limiting crystallite size to be of the order 
of a few hundred atomic distances. 

Furth" has for many years pointed out the close 
relationship of fracture and melting, melting being 
identical with the breaking up of the solid structure by 
the thermal movement of the atoms, and vice versa, 
breaking being nothing else than melting enforced by an 
applied stress. Furth’s earlier work! along these lines 
resulted in a thermodynamical form for tensile strength, 


viz. : 
1—2p 


where oa, is the ultimate tensile strength, Q@ the latent 
heat of melting per unit mass, » Poisson’s ratio, and 
p the density. In a later publication, by assuming the 
law of cohesion to be the power law as proposed by 
Lennard-Jones, he has succeeded in deducing the 
relationship 


where (¢,, 2) and 7,,, G) refer to the tensile or shear cases 
respectively. This is practically identical with the 


original relationship as proposed by Bragg. 

Another interesting piece of research which adds 
confirmation to the existence of an intrinsic block 
structure in crystalline solids is due to Humphreys- 


Owen." He has studied the scattering of light in sodium 
chloride monocrystals as a function of wavelength over 
the range 6,600 A to 2,500 A, and found the scattered 
intensity to be of an order some 40 times greater than 
that expected from thermal theory. Moreover, he 
attributes the bulk of the scattered intensity to be due 
to the existence of a submicroscopic block structure with 
linear dimensions of the order 1,500 A. 
Phenomenological theories of “ steady state metallic 
creep ’’ based on chemical rate theory™ bring out the 
role of certain substructural flow units of some 10 to 50 
atomic spacings. Thus it appears, in general, that 
technical strength values, plastic properties (yield 
strength, creep, etc.) are intimately related to an intrinsic 
block structure, and it is the purpose of this paper to 
show that one aspect of the dynamic behaviour of metals, 
namely, fatigue, also indicates, as might be anticipated, 
the significance of a block structure to explain “ size” 
effects and ‘‘ non-propagating ” cracks in fatigue. 


Some Elementary Ideas on Crystalline Slip 


Before proceeding with the subject of “ size” effects 
and “ non-propagating ” cracks in fatigue, it is proposed 
to develop some elementary ideas on crystalline slip 
phenomena which illustrate the fundamental role of an 
intrinsic block structure in a simple manner, although 
some of the results have already been discussed previously. 

By assuming a simple periodic law of cohesive force, 
for a perfect crystal lattice, such as 


G .. 
— 
2a a 


where 7 is the shear stress field across the slip plane, 
x the relative shear displacement, and a the lattice 
parameter in slip direction, it can be shown that the 
surface energy per unit area is given by 
Ga 

Considering a crystallite as a cube of side L, subjected to 
a shear stress, 7,, just sufficient to produce one atomic 
slip, a, then 


Ga 
— 2aL - 
2G 27? 


represents the conversion of strain energy to the surface 
energy of the newly exposed slip faces. This simple 
treatment leads to 
V2 Ga 
L 


where 7, is the shear yield strength, and the close 
similarity of this relationship to those proposed by Bragg, 
Wood, et al. is obvious. 

Again, the estimates of specific surface energy to be of 
the order of Qpa—where Q is the latent heat of melting 
per unit mass—introduces a thermodynamical aspect to 
the form for yield strength, thus 


Based on dislocation models of plastic glide in metals, a 
refined value of the specific surface energy may 
taken as 

Ga/2n(1—p) 
for a straight edge type of dislocation. 
Some rather interesting deductions can be made by 
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considering the ‘‘ flaw superlattice ’ as made up of arrays 
of “piled-up” dislocations at obstacles where the 
superlattice parameter is that of the separation of the 
obstacles. For such fairly long arrays it can be shown 


that : 

where 1 is the length of dislocation “ pile-up,” the 
number of dislocations in /, + the applied shearstress in 
the plane of the dislocation array, and D = Ga/2z(1—,). 

Moreover, since the stress concentration factor at the 
leading dislocation is n, this dislocation can surmount the 
obstacle provided 


NT 


where 7, represents the binding force of the obstacle in 
the lattice, and is considered to be of the same order of 
magnitude as the theoretical shear strength. It seems 
logical to assume that the condition given by 


mDr, 
8 


would determine the onset of plastic glide as the leading 
dislocation moves towards the obstacle by approximately 
one atomic spacing. There is no loss of generality if one 
considers + as the component of stress arising from an 
applied tensile stress o, and the expression 


> 


ol >y 
where y, a constant for a given metallurgical condition 
involving the binding strength of the obstacles and 
elastic constants, appears in various guises throughout 
the subject of the mechanical properties of metals. 

For example :— 

(i) Assuming the plastic strain ¢ resulting from the 
dislocation movement is proportional to a/l, and intro- 
ducing the concept of a tensile yield strength, o,, it is 
seen that : 

+kve 
where & is a constant. This is an expression for the 
parabolic stress-strain law obeyed by certain metals. 

(i) Carrying the interpretation a little further to give 

o.l = 
where o, is the technical tensile strength, and o, the 
theoretical fracture strength, it is found, by using the 
approximation 


10 
where Z is Young’s modulus, that 
1 ~ 100a to 400a 


in agreement with the order of magnitude for an intrinsic 
block structure discussed previously. 

It transpires, from a consideration of the fatigue 
phenomenon to be discussed later, that there exists a 
characteristic length, 1 ~ 10-2 em., for a “‘ non-propa- 
gating’ fatigue crack, where the calculated value of 
fatigue strength, o,, given by 

a E a 
1 10 ar 


would seem to be of the correct order of magnitude for 
values determined in the presence of high geometric 
stress concentrations. 


April, 1958 


(iti) On a macroscopic scale, where o is the nominal 
fatigue stress amplitude and / the length of the visible 
fatigue crack, the condition 
ol >y 

has been proposed by Wells as a criterion which 
determines the onset of fast crack propagation, where 
fast means a velocity of crack propagation which is a 
substantial proportion of the velocity of sound in the 
metal. 

(iv) In polycrystalline metals, the grain boundaries 
are a special form of barrier to the movement of disloca- 
tions from one crystal to another, and if one considers a 
dislocation array with, for instance, a creative source 
near its centre, such as ‘“‘ Frank-Read ”’ sources, with the 
grain boundary providing the necessary barriers at its 
extreme ends, then it is logical to suppose the mean grain 
size, g, would be proportional to the length of the * pile- 
up,’ 1. Thus, the following relationship can be justified 
on these assumptions 


A 

+— 

VI 
where 4 is a characteristic constant. This is, of course, 
a well known relationship of the cleavage strength, o, of 
metals to the grain size, g. The author has shown* that 
the grain size relationship applies to most properties 
where plastic flow (macro or microscopic) is involved, 
such as proof stress values and fatigue strength, that is, 
for those cases where grain boundaries delimit crystalline 
slip. 

Thus, in general, it appears that the influence of 
* size’ on experimental strength values is simply an 
expression of the statistical distribution and characteristic 
dimensions of an intrinsic “ flaw ”’ pattern. In essence, 
the strength of a crystalline solid devolves on the 
probability of locating a “flaw” in the test volume 
subjected to the search stress and the weakening effect 
of the “ flaws’ present. The monotonic rise of experi- 
mental strength values with decreasing specimen size is 
a natural consequence of this probability argument. 

The central theme of this paper concerns the relation- 
ship of mechanical properties to an intrinsic block 
structure or “ flaw”’ pattern, but this limiting “ size ” 
phenomenon of perfect crystalline solids can be of much 
wider application ; in fact, the block structure dimen- 
sions are a consequence of the forces of thermal, electro- 
static, ete., origin which tend to oppose the lattice 
cohesive forces, thereby establishing equilibrium at the 
limiting crystallite size. The significance of a critical 
size for fissile materials, so convincingly demonstrated 
in the divergent chain reactions of atomic explosions is, 
to say the least, a striking example of a “ size ’’ phenom- 
ena. It has been said that “ Nature abhors a vacuum ” 
and bearing in mind the evidence for “ size ** phenomena, 
one might be tempted to say that ** Nature abhors large 
masses,”’ too. 


‘* Size ’’ Effects and Fatigue Strength 


* Size ’’ effects in fatigue and the proven existence of 
non-propagating cracks present many intriguing 
problems, and it is now proposed to consider them in an 
elementary, but plausible theoretical manner. 

Referring again to the simple “ flaw superlattice 
composed of edge-type, piled-up dislocations, and assum- 
ing that the spacial distribution of the superlattice unit 


® Work as yet unpublished. 
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of independent probability, then 


represents the probability of not finding such a flaw 
along one axis of a specimen of length / or, if / is the only 
significant dimension, such as for a filamentary specimen 
where the transverse dimensions are much less than A, in 
the specimen as a whole. Thus 

= eva 
represents the probability of finding at least one ** flaw ”’ 
in a filamentary specimen of length /. 

In those cases where the mode of stressing subjects the 
surface of the specimen to the maximum search stress 
(e.g., bending or torsion,) the probability form would 
logically become 

where A is the area of the specimen subjected to the 
maximum search stress. Similarly, 

represents the case of a volume V subjected to direct 
stress such as tension-compression. 

Consider the expression, 


K, =e"? + K, 


where K, = strength reduction factor in fatigue 
unnotched ” fatigue strength 
“notched” fatigue strength 
and K, = theoretical stress concentration 


factor for the “ notch.” 
Then the term 
(1 “*)K, 

may be considered as the contribution to stress reduction, 
in fatigue, of “ flaws ”’ (size A) where / is the significant 
dimension of the specimen in the region of the stress 
concentration feature. 

Similarly, e~'* represents the contribution which does 
not effectively reduce fatigue strength (K, = 1). Thus, 


K, + (l—e-"4)K, 
may be interpreted as the probable reduction factor in 


fatigue under the prescribed test condition. The above 
expression may be rearranged to read 


where 7 is the usual definition of notch sensitivity in 
fatigue. Thus, it is suggested that notch sensitivity in 
fatigue is not, as commonly supposed, a material constant 
but a “ size effect.” 


‘* Non-Propagating ’’ Cracks 


Referring specifically to the fatigue behaviour of 
geometrically ‘‘ notched” specimens, where the signi- 
ficant dimension is the root radius r, it may be inferred 
that 

where c is a constaz* which relates the length of the 
radiused profile to «ne root radius; for semi-circular 
shallow grooves it may be anticipated that c ~ 7. To 
simplify the development of the “ size ’’ theory, without 
introducing detailed geometrical factors such as c, the 
reduced value A, has been used, which may be considered 
as the equivalent “ flaw ’’ parameter when considering 
grooved cylindrical specimens, 


cells (cubes of side A) is random, and governed by a law 


Assuming an approximate form for the theoretica) 
stress concentration factor K, thus, 


t 


where ¢ and r are respectively the core and root radii of 
a grooved cylindrical specimen, and f a constant in the 
range 1 to 2. Then, 


t 
K, + +B v;) 
r 


expresses the probable reduction factor of fatigue 
strength when using the “ notched ”’ specimen described 
and containing characteristic flaws A. 

The general form of the K, versus K, relationship is 
shown in the appended graph (Fig. 1), and has the 
following salient features :— 

(a) a maximum for K, exists when 


— 1 + 20 0r 6 = 1-266 (0 =r/A,). 
(b) A point of inflexion exists when 
6=0-5 


(c) The K, versus K, relationship depends solely on the 
characteristic “ size ’’ parameter 0 = r/A,. 


The form of the K, versus K, relationship is in sub- 
stantial agreement with the experimental results of 
Frost, Phillips e¢ al. (see Fig. 1.); moreover, they 
concluded, as a result of their microscopical examination 
of the fatigue specimens, that the ordinate axis through 
the K, maximum point divided the K,— K, field into two 
regions with the following characteristics :— 


(d) The portion to the left of the K, maximum, wherein 
“notched ”’ specimens tested just above the fatigue 
limit failed by complete crack propagation across 
the section through the “notch” core; those 
specimens tested below the fatigue limit exhibited 
no surface cracks whatsoever after exceptionally 
long lives; this is, of course, the normal state of 
affairs in fatigue testing, and is implicit in the 
definition of a fatigue limit. 


(e) The portion to the right of the K, maximum, where 
theoretical stress concentration factors are higher 
than those in the region to the left, corresponds to 
fatigue tests carried out at (or very near) the 
fatigue limit, where subsequent microscopical 
examination revealed the formation of surface 
cracks in the “ notch” radius early on in the 
fatigue life of the specimen ; these so called ‘ non- 
propagating ’’ cracks grew to a short finite length, 
but did not propagate further, despite the applica- 
tion of stress cycles considerably greater in number 
than those required for their formation. 


On theoretical grounds, it can be shown that the 
superposition of a stress concentration factor K on one 
of value K; results in a combined factor 


K, K; 


provided the act of superposition does not significantly 
disturb the resident stress field. Taking K; to be the 
stress concentration factor for the inherent ‘ flaw” A,, 
and considering a fatigue test under nominal stress ¢, 
then the criterion for propagating the “flaw ’”’ is sug- 
gested to be : 

K, Kjo > oa, 


where o, is a strength value similar to the cohesive 


METALLURGIA 


strengt 
cohesiv 

Cons 
fatigue 


where 
strengt 
writter 


For al 


and + 
becom 


naiv 


Apri 


Est 
crack 
result 

at. 
=1l-e 
K,—1 where 
Wher 
alumi 
| The } 
Th 
0-75 
caleu 
abou 
the n 
Th 
4 to su 
and 1 
with 
non- 
196 


retical 


idii of 
in the 


tigue 
Tibed 
ip is 
the 


645) 


intiexion. 


-9) 


here A, 


Point of inflexion at @ =O°5 [or 
! Approximate form of K, =I+ 


/ 


© Experimental values. [Frost et alia, |,2,3,4]. 
—Theoretical we to 


2} Kgmaximum at e- 1-266 Tecie 
= where 


= 135,Ky 9) 


10 


Fig. 1. 


strength or, perhaps. more realistically a dynamic 


cohesive strength. 
Considering ¢ o to be the semi-amplitude of the nominal 


fatigue strength. then, by definition 

= 6, 
where o, is the unnotched or “ parallel bar” fatigue 
strength. Thus the crack propagation criterion may be 
written : 


o, 
K; 
k, o, 
For aluminium alloys, using the approximation 
E 
“10 
and + o,= = 9 tons sq. in., the propagation criterion 


becomes 


kK, 
> 50 — 
K 


Estimates of the dimensions of a “ non-propagating ’ 
crack in a high strength aluminium alloy (L65), as a 
result of the microscopical examination of Frost. are : 

1-1 x 10% em. b ~ 3-8 x 10° em. 
where / is the length of crack, and 6 the radius of its tip. 
Whence, for a non-propagating crack in a high strength 
aluminium alloy 


K/ ~ 35 
The propagation criteria may be reformulated thus : 
K, kK, < 0-7 for non-propagating cracks 
K, K, > 0-7 for propagating cracks 

The experimental work of Frost, and Phillips give 
"75 as the critical K, K, ratio for this particular 
aluminium alloy. It is also interesting to note that the 
calculated value of the characteristic flaw”’ size, A,, is 
about 1-08 x 10-2 em.—a value in good agreement with 
the measured length of a non- -propagating crack. 

The existence of a critical ratio (K,/K;) which appears 
to subdivide the fatigue field into regions of propagating 
and non-propagating cracks is substantially in agreement 
with the experimental results. However, the origin of 
non-propagating cracks cannot be dismissed in such a 
naive manner since, on careful reflection, the criterion 
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-The K, vs. K, relationship for direct stress fatigue of the aluminium alloy L65. 
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developed earlier can be interpreted as really defining a 
fatigue limit, that is, a criterion for crack propagation 
for stresses slightly above the fatigue limit, or not at all 
for stresses below the limit. The criterion contains no 
explicit information as to the reasons why a “ non- 
propagating * crack should form at all: a plausible 
explanation could be that a crack commences to propa- 
gate when the K, K, ratio is slightly greater than the 
critical value, but as it propagates, there is a local dis- 
turbance of the stress field near the tip of the crack which 
shifts the K, K, ratio to a value less than the critical, 
thus leading to the arrest of the crack. 
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Crane Conference 

AN international conference organised by Steels Engineer- 
ing Products, Ltd., of Sunderland, makers of Coles’ 
mobile cranes, will be held from April 27th to May 3rd 
at the Royal Hotel, Scarborough. It will be attended 
by more than a hundred distributors and sales agents, 
and the programme will include films and demonstrations 
of Coles’ equipment, and lectures on materials handling, 
crane selling techniques, and future trends in design. 
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HE official inauguration in February of a mains 
frequency coreless induction melting furnace by 
Mr. D. J. Haggie, President of the Sheffield 
Chamber of Commerce, was something of a world 
premiere, as it was the first unit of its type to be installed 
for high speed steel melting. Until recently, conventional 
methods were used in the melting shop at the Magnum 
Works of Inca Steel Co., Ltd., which is a member of the 
C.R. Denton Steel and Tool Co., Ltd., group of companies 
and is engaged in the production of a wide range of tool, 
die, high speed and stainless steels. The new Birlec 
furnace is similar to a number in use in non-ferrous and 
iron foundries, but is the first example of an installation 
for the production of alloy steel. 

It had generally been thought that the turbulence in 
the molten metal, which is a characteristic of the mains 
frequency furnace, would cause serious inclusions in high 
grade steels, but the experience to date justifies the Inca 
Board in the view that a furnace of this type can success- 
fully produce high speed steels. Two directors of the 
company, Mr. Edgar Denton and Mr. William Kelsey, 
visited both Germany and Denmark in 1955 and 1956, 
to study at first hand the technical and operational 
methods which were being explored on the Continent. 
Considerably more headway had been made with the 
mains frequency coreless induction furnace in Europe 
than in the United Kingdom, and this was particularly 
true of Germany, where Otto Junker G.m.b.H. of 
Lammersdorf had already installed a number of these 
units. An agreement between Junker and Birlec, Ltd., 
in this country gave the opportunity for developing a 
British-built mains frequency induction furnace specific- 
ally for melting high grade alloy and high speed steels. 

After carefully considering the relevant technical and 
economic data available, Inca decided to embark on 
the project and placed an order with Birlec, Ltd., for 
the furnace which has recently been installed and put into 
successful operation. The technical melting staff have 
so far overcome the inevitable teething troubles, and the 
prejudices prevalent in the steel industry regarding the 
possibility of serious non-metallic inclusions in the steel 


Pouring the new mains frequency coreless induction furnace. 
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Birlec Installation 
at Inca Steel 


have proved baseless, as the ingots and finished bar 
which have been produced have been of first-class qual: 
ity, exceeding all theoretical expectations. 

The Birlec furnace at Inca has a capacity of 1} ton 
and a power input of 450 kW. can be applied, giving: 
maximum output of the order of $-ton/hr. of prime high 
speed steel ingots. Flexible power input control enable 
metal temperature to be closely adjusted. 

The furnace is charged with selected scrap, a heel ¢/ 
molten metal being retained from each heat as the basi 
for the following charge. Mounted flush with a workin 
platform about 4 ft. above the foundry floor, the furnace 
is tilted by hydraulic rams, served by a self-containel 
pressure unit. A bottom-pouring ladle transfers th 
metal to the ingot moulds, which are located in a casting 
pit in front of the furnace. ; 

The application of the mains frequency coreless induc 
tion furnace to high speed steel production is a new ani 
important step. The performance of the Inca installa 
tion will be watched with much interest, but it can be 
said already that it appears to be fully equal to that of: 
conventional high frequency furnace, and in addition 
floor space and capital costs are much more favourable 
The prime consideration, however, is economy of opera: 
tion and the new furnace is claimed to be outstanding i 
this connection, principally due to the fact that ‘ 
frequency converter is not required, so that both powe 
consumption and maintenance are reduced to a minimum 

To date, operating experience with the furnace hi 
been somewhat limited, but examination by inclusion 
count of the steels produced shows them to be as goo! 
as or better than are or high frequency melted steel 
particularly if standing time is allowed for the particle 
to agglomerate in the molten metal. Furthermore, the 
material appears to forge better, and yields of over 80" 
are obtained, which is higher than is usual with othe 
melting techniques. There is little or no loss of tungstel. 
molybdenum or vanadium on melting, but there * 
appreciable loss of manganese and a slight loss of silicon 
Power consumption when melting 18/4/1 high speed 
steel is about 580 kWh. /ton. 
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Summer School on Corrosion 


Tue Fifth Summer School on Corrosion, organised by the 
Department of Metallurgy, Battersea College of Tech- 
nology, in conjunction with the Corrosion Group of the 
Society of Chemical Industry, will be held at the oe 
from July 14th to 18th, 1958. The subjects for study 
are Underground Corrosion and Cathodic Protection, 
and whilst cathodic protection of underground pipes 
will be dealt with in some detail, other applications of 
cathodic protection will also be considered. The follow- 
ing lectures will be included in the programme :— 

“ Underground Corrosion (Introduction), by Dr. 

F. Wormwell. 

* Bacteriology of Corrosion,’’ by Dr. J. R. Postgate. 
“Corrosion of Non-Ferrous Metals,” by Mr. P. A. 

Raine. 

* Protective Coatings,’ by Mr. K. A. Spencer. 
“Cathodic Protection (Introduction), by Mr. 

P. W. Heselgrave. 

‘* Applications of Cathodic Protection,” by Mr. 

J. 8. Gerrard. 

“Cathodic Protection in a Power Station,” by 

Mr. D. B. Peplow. 

“Cathodic Protection of Underground Cables,’ 
by Mr. J. R. Walters. 
* Instrumentation,”’ by Mr. J. H. Gosden. 

Besides the lectures, a demonstration will be given of 
various instruments for assessing the corrosiveness of 
soils, protection of pipes, cathodic protection, ete., and a 
visit will be made to a site to see the installation of an 
underground pipe, soil testing, cathodic protection, ete. 

The inclusive fee for the course will be £12 (including 
lunch and mid-morning and mid-afternoon refreshments) 
except for applicants who normally reside in London, or 
for those whose Local Education Authority will agree 
to pay the charges under the recoupment regulations. 
In these cases the fee will be £5 10s. 

Early application should be made to the Secretary 
(Summer School), Battersea College of Technology, 
Battersea Park Road, London, 8.W.11. 


Wilmot Breeden Fellowships 


THE Wilmot Breeden Group of Companies, whose 
manufacturing interests include motor vehicle and gas 
turbine components, hydraulics. and electronics, has 
for some time been building up its research and develop- 
ment organisation. Some of the work carried out on two 
of the most important activities of the Group— 
mechanism design and electro-plating—is empirical, and 
for its refinement demands a better understanding of 
fundamentals. Furthermore, the production processes 
in these two fields need constant study and quantitative 
investigation. 

The Group believes that it should try to develop further 
the interest of the world of learning in its particular 
problems, and should try to create a group interested in 
these problems and specially skilled in trying to solve 
them. It is, therefore, sponsoring two Fellowships, each 
worth £1,000 per annum, one at the University of 
Birmingham and the other at the College of Technology. 
An unusual feature of these Fellowships is that the 
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successful candidates will divide their time between the 
University or College and the Company. 

The terms of the Fellowship awards are so arranged 
that at any one time there will be a Wilmot Breeden 
Fellow working in association with the University and 
another with the College. The Fellowships will be 
advertised every year in March, in “odd” years in 
association with the University and in *‘ even” years in 
association with the College. Each Fellowship will 
normally be held for a period of two years. A candidate 
for a Fellowship should normally have had two or three 
years research or industrial experience. He must be 
acceptable to the academic authority, and would be 
expected to have an honours degree in a University in 
the British Commonwealth, a Diploma in Technology, 
or an equivalent qualification. An application for a 
Fellowship should outline a two-year investigation or 
project on which the candidate seeks to work. 


International Galvanizing Conference 


Cortes of the provisional programme for the Fifth 
International Galvanizing Conference, which is being 
held from June 22nd to 27th, 1958, under the auspices 
of the Brussels Universal Exhibition, may now be 
obtained from the Zine Development Association, 
34, Berkeley Square, London, W.1. The programme 
which is printed in English, French and German, gives 
full information about the Conference, brief particulars 
of which were given in our January issue. 

It had originally been intended that the Conference, 
after opening with a reception and works visits in 
Holland, would move to Brussels for the main technical 
sessions. As, however, it has been found impossible to 
secure adequate good-class accommodation in Brussels, 
all the technical sessions will now be held at Knokke Le 
Zoute, a seaside resort about an hour’s journey from the 
capital. 

Since the provisional reservations made by the 
Association for hotel accommodation must be confirmed 
shortly, intending participants should obtain a_pro- 
gramme and complete the reservation forms attached to 
it, at once. This is particularly important in view of the 
great demand for hotel! accommodation in Belgium this 
year. 


Micro 58 


An exhibition of photomicrographs, with the title Micro 
58, is to be held at the Polytechnic, Regent Street. 
London, W.1, from July 23rd to 30th, 1958. It is hoped 
that this will become an annual function, and the Royal 
Microscopical Society, under whose auspices the exhibi- 
tion is being held, extends a cordial invitation to all 
workers in the field of photomicrography to participate. 
Series of micrographs, a coherent resumé of a study of a 
particular problem, or related research exhibits will be 
acceptable. All exhibits, apart from colour transparen- 
cies, should be mounted on white card, 20 in. * 16 in., 
which area may include one or more pictures with 
suitable captions. 

The title, authorship and a fifty word abstract of the 
exhibit should be submitted to the Society before April 
30th, although the exhibits themselves will be accepted 
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up to June 20th. Further information and entry forms 
may be obtained from Mr. R. Setterington, Hon. Sec. 
Micro 58, Royal Microscopical Society, Tavistock House 
South, Tavistock Square, London, W.C.1. 


Waverley Gold Medal Essay Competition 
THE Essay Competition first organised by the Scientific 
Advisory Board of Research, under the Chairmanship of 
the late Lord Waverley in 1953, is to be held again this 
year. The purpose of the competition is to draw atten- 
tion to the problem of communicating scientific informa- 
tion to the layman and also to scientists engaged in other 
fields, and to emphasise that the writing of clear and 
concise reports is quite as important as carrying out the 
investigation which is to be subject of the report. 

The Waverley Gold Medal and £100 will be awarded 
for the best essay of about 3,000 words, based on some 
recent scientific research or new development (whether 
the author’s work or not), giving some indication of the 
scientific background, the experimental results and its 
potential application in industry. A second prize of £50 
will be awarded and an additional prize (also of £50) for 
the best entry from a competitor under 30 years of age 
on July 31st, 1958. 

The competition is only open to persons at present 
engaged in scientific work. Further particulars may be 
obtained from The Editor, Research, 4-5, Bell Yard, 
London, W.C.2, to whom entries should be posted to 
arrive on or before July 31st, 1958. 


Aluminium in Packaging Symposium 
THE eighth symposium organised by the Aluminium 
Development Association will be held in London on 
June 12th next, when the subject will be ‘“‘ Aluminium 
in Packaging.” Discussion on the eight papers will be 
divided between two sessions: in the morning, on 
Aluminium as a Packaging Material’; in the after- 
noon, on ‘* The Uses of Aluminium in Particular Aspects 
of Packaging.” 

Attendance will be by invitation, and it is hoped to 
secure a gathering fully representative of the packaging 
trades, the users of packs, the designers and producers 
of finished packages, and the suppliers of material for 
packaging. 


Open Days at M.E.R.L. 


THE Mechanical Engineering Research Laboratory, 
East Kilbride, Glasgow is to hold Open Days on Wednes- 
day, June 4th, and Thursday, June 5th, 1958. Represen- 
tatives of any organization with engineering interests 
will be welcome. Applications for invitations, stating 
which day is preferred, should be sent to the Director. 
The whole of M.E.R.L. will be open for inspection, 
including two new laboratories for research on 
mechanisms and engineering metrology, and for research 
on heat transfer. 


Change of Address 


THE Birmingham Area Sales Office of Northern Alumi- 
nium Co., Ltd., has been moved to new premises at 
Devonshire House, Great Charles Street, Birmingham 3. 
The telephone number is changed to Central 7393, but 
the telegraphic address, Noralumin Birmingham, remains 
the same. 


Personal News 


Mr. J. A. CAMERON has left the Nelson Research Labora. 
tories of The English Electric Co., Ltd., to join J, RB 
and 8S. Lees, Ltd., West Bromwich, as Chief Metallurgist, 
Mr. J. F. B. Jackson, who relinquished his position 
after five years as Director of the British Steel Castings 
Research Association, in 1954, to join the Board of 
A.P.V.-Paramount, Ltd., the alloy steel founders of 
Crawley, Sussex, has been appointed Managing Director. 
He has also joined the Board of P.L. Castings (Altrine. 
ham), Ltd., of Altrincham, Cheshire. 
Dr. P. H. Sykes, a Director of the British Oxygen (o,, 
Ltd., has been elected Chairman of the Low Temperature 
Group of the Physical Society. 
Bascock & Witcox, Lrp., announce the appointment 
of Mr. H. McNEIL, as Managing Director of the Company, 
He succeeds Sir Kenneth Hague, who has expressed the 
wish to relinquish that position, which he has held since 
January, 1945. Sir Kenneth will continue to devote his 
services fully to the Company in his position as Deputy 
Chairman. Mr. J. 8. Ropertson, General Manager, has 
been appointed a Director to fill the vacancy created by 
the retirement from the Board of Directors, at his own 
request, of Mr. C. H. Sparks, who has been a Director 
for the past eighteen years. Mr. Sparks will continue in 
his present capacity as Engineering Consultant to the 
Company. 
THE Steel Company of Wales has announced the appoint- 
ment of Mr. M. C. Harrison to be Manager of the new 
Bessemer Steel Plant which is now under construction at 
Abbey Works. He assumed his new duties on March Ist. 
At the same time the Company announced the appoint- 
ment of Mr. P. Truscorrt to be Assistant Manager of the 
Bessemer Plant. 
Rerractory Moutprines & Castines, Ltp., of Kegworth, 
Derby, have appointed Mr. J. F. GarpNEr of 7, New- 
lands Avenue, Melton Park, Gosforth, Newcastle-on- 
Tyne, their Representative for the Northern Areas. 
Mr. Gardner has been connected with the foundry 
trades for many years. 
Mr. D. A. Husparp, has been appointed a Director of 
Aero Research, Ltd. He joined the Company in 1939, 
and in 1947 was appointed Works Manager with special 
responsibility for the planning and commissioning of the 
large-scale production plants which have been erected at 
Duxford since that time. 
Mr. F. H. Lawper, Chief Labour Superintendent of The 
United Steel Cos., Ltd., has been elected President of 
the [ron and Steel Trades Employers’ Association. He 
succeeds Mr. W. F. GitBertson, of Richard Thomas and 
Baldwins, Ltd. 
Mr. L. F. Corke, formerly Head of the Industrial Sales 
Department, has been appointed Commercial Sales 
Manager of Cambridge Instrument Co., Ltd. Other 
appointments announced by the Company are: Mk. 
A. T. Jones as Sales Manager of the Mechanical Ther- 
mometer Division at Finchley ; and Mr. 8. A. BERGEN, 
M.B.E., as Chief Development Engineer of the Cambridge 
organisation. 
Dr. B. R. NiyHawan, Director of the National Metal- 
lurgical Laboratory, Jamshedpur, India, was given the 
award of ‘‘ Padma Shri” by the President of the Union 
Republic of India at the last Republic Day, in recognition 
of his distinguished services in the field of science in 
India. 
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Voltage Stabiliser 


CONTROLS, Ltp., have produced a range of 
voltage stabilisers of the electro-mechanical type, which, 
yhile giving a speedy time of response, are claimed to be 
very economical as regards outlay and cost of operation. 
The type AC7 stabiliser, for instance, will stabilise with 
am accuracy of +0-25°, a variation in input voltage 
from —20% to + 10°, with a load current from zero to 
WA. and a frequency from 45 to 65 c./s. The response 
ime for small errors is from 0-25 sec., while large errors 
are corrected at the rate of 12 V./sec. 

Once set, the r.m.s. value of the output voltage 
maintained constant throughout the year, irrespective 
offluctuations in the load current from zero to 30 A., and 
of variations in the type of load power factor. No 
jistortion of the wave form is introduced, and the 
aecuracy of the instrument is not affected by changes 
in temperature of as much as 20°C. The method of 
vorking is by applying the output voltage to a bolometer 
ridge, which gives zero output when the voltage is 
wrrect. If the voltage varies from the set value, the 
iridge output increases, and after amplification drives a 
two-phase servo-motor, which restores the voltage to the 
wrrect value. Velocity feedback is used to provide 
tability and to make the instrument independent of 
friction. Model AC7 contains only two valves and does 
not use relays, thyratrons or electrolytic capacitors. 

These instruments can also be used as variable voltage 
ourees, and can be set to within about 1 V. of any 
required value near the nominal voltage of the supply. 
Within certain limits, the output voltage can be varied 
0 10 V. by means of a knob on the front of the 
instrument, and to a greater variation by altering an 
easily accessible six-way voltage selector plug at the 
back. A special feature of the instruments is that they 
are unaffected by vibration, and will withstand accelera- 
tions of up to 40 g in any direction. 

Servomex Controls, Ltd., Crowborough Hill, Jarvis 

Brook, Sussex. 


Tektor Major Level Controller 


Ix the nine years which have elapsed since Fielden 
Electronics introduced the first capacity-operated level 
controller, the Tektor, five successive improved models, 
the JI to J5, have been developed. Recently, a new 
level controller, the Tektor Major, has been introduced, 
ineorporating improvements in sensitivity and general 
performance which could not be achieved within the 
limits of the design of the earlier instruments. 

Although the Tektor Major operates on the well- 
«tablished patented capacity method, it is not merely 
another form of proximity switch ; it has been engineered 
asa stable reliable level controller, which can easily be 
installed and relied upon to work consistently and 
accurately with virtually no attention. 

As usual with the capacitance method, there are no 
moving parts in the container, and direct contact with 
the material under control is unnecessary. Parallel with 
the development of the Major, a new range of electrodes 
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has been designed, based upon experience in the field 
over the last few years. 

The sensitivity of the new instrument is better than 
1-0 pF under all conditions, and negligible effects result 
from (a) a +10°, change in supply voltage; (b) an 
ambient temperature change of from —20° to +50°C.: 
or (c) a lapse of time. In the case of the control point, 
the zero drift as a result of these conditions is: (a) not 
more than +1-0 pF.; (6) not more than 2-0 pF. 
(referred to 20° C.) ; and (c) not more than +1-5 pF. 

A control knob situated inside the case on the front 
of the chassis enables the set-point to be adjusted 
easily on site. Once adjusted, a note may be taken of 
the reading for future reference. To facilitate servicing 
the chassis can be removed quickly by a quarter turn on 
the holding screws. 

For the high level model, standard lengths of cable are 
6, 12, 20, 30 and 35 ft. (maximum), and for the low level 
model, 6, 12 and 20 ft., the increase being advantageous 
in that the Major unit can be located some distance away 
from the probe. A cable selector switch enables the 
appropriate cable length to be accommodated on site. 
Up to the stated maximum, the performance of the 
instrument is independent of cable length. 


Fielden Electronics, Ltd., Wythenshawe, Manchester. 


Industrial X-ray Equipment 


THE latest addition to the Marconi industrial X-ray 
range, the Type TF 1597, is an 110 kVp. apparatus, 
designed for 200-250 V. A.C. operation. and basically 
consists of three units—h.t. generator, control unit and 
tubehead—the method of mounting them depending on 
individual requirements. 

The 110 kVp. h.t. generator is oil-immersed in a welded- 
steel tank, and comprises the h.t. transformer and an 
X-ray tube filament transformer. Two 62-5 kVp. cable 
sockets provide the output to the X-ray tube, while the 
input from the control unit is taken to terminals at one 
end of the tank. When supplied as a portable unit, the 
h.t. generator is fitted with a pair of carrying handles. 
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These handles are conveniently placed so that the 
control unit can be rested across the top of the tank when 
in use, or for storage. 

The control unit is housed in a rectangular case with a 
sloping panel, on which are mounted all controls and 
meters, and a stout leather carrying handle is provided 
to facilitate portability. The hinged top and front 
panel of the unit may be swung down to gain access to 
the components and also to the fuses. A synchronous 
motor-operated self-resetting timer is incorporated, and 
the customer can make his individual choice from a wide 
selection of ranges. 

The X-ray insert tube normally supplied can be 
operated up to 110 kVp., 10 mA., and provision is made 
for water cooling at the higher ratings, circulation being 
derived from the normal tap supply. Standard tubehead 
mountings at present available are: (1) a static tube- 
stand, fitted with four telescopic legs and providing 
facilities for angulating the tubehead about its short 
axis; (2) a vertical column tubestand, mounted on a 
castored base, which is large enough to contain the h.t. 
generator and the control unit—the latter is removable 
for remote operation, if required; (3) a fluoroscopic 
cabinet, which houses the complete equipment and has a 
specially constructed control panel built-in. Facilities 
are also provided for radiography with this arrangement. 


Marconi Instruments, Ltd., St. Albans, Herts. 


Instrument Failure Safety Unit 


PoTENTIOMETRIC temperature indicators, recorders and 
controllers are at a disadvantage compared with the 
deflectional type of measuring instruments, inasmuch 
as that in the latter a break in the signal input circuit 
permits the return of the pointer or pen to its normal 
zero position, where it can be made to indicate or signal 
that there has been a circuit failure. In the case of the 
potentiometric type of instrument, however, when the 
input signal fails to get through or the instrument fails 
to respond to a signal, due to electrical or mechanical 
faults, the indication of the measured variable remains 
stable at the point of balance existing immediately 
prior to the occurrence of the fault : this state can be 
dangerous, particularly in the case of an automatic 
controller. It is true that broken-couple alarm action 
can be applied to any potentiometric instrument, so 
that the high contact is operated should a thermocouple 
break, but this pre-supposes that the instrument. is 
itself capable of responding to the broken thermocouple 


signal. If it is not, due to the failure of any Operatin, 
part in the instrument, the signal is void and useless 

The new Foster automatic controller failure signal ay; 
safety unit now provides a mechanism that automatic) 
and periodically checks the functioning of potenti, 
metric self-balancing controllers, by sending through th; 
signal generating, measuring and balancing systen , 
periodic test signal which, if it fails to get through due 
any electrical or mechanical fault in the system, cause; 
warning signal to be given and, if required, automat 
shut down or safeguarding action to be taken, J, 
frequency and strength of the test signal can be set ; 
suit the “ run-away ” time of the controlled process ay; 
the balancing speed of the controller. The device j 
fitted with an alarm which functions should its oy 
prime mover fail. 


Foster Instrument Co., Ltd., Letchworth, Herts. 


Washing without Water 


A NEW development in workshop washing facilities js 
provided by Deb Chemical Proprietaries, Ltd., in the 
shape of the Swarfega waterless wash-station, which i 
completely self-contained. requiring no piping or other 
installation work. The unit is of strong but light con. 
struction, and can easily be moved from place to place 
occupying a floor space of only 18 in. x 18 in. | 
incorporates a Swarfega visible level dispenser for water. 
less skin cleanser mounted on a turret top waste recep. 
tacle. Space is provided on the turret top to attach two 
paper towel dispensers of a type already in use. Inside 
the waste receptacle is a canvas sack to catch the soiled 
paper towels dropped through the pillar box slots. There 
is room for the storage of paper towels and waterles 
hand cleanser below the sack. The use of these on-the 
spot washing facilities is estimated by work study 
experts to effect a saving of the order of ten minutes per 
day per worker. 


Deb Chemical Proprietaries, Ltd., Belper, Derbyshir 


Gouging and Piercing Electrodes 


THE English Electric Company has introduced a nove 
type of electrode, which is designed for cutting groove 
gouging, piercing, or removing surplus metal, and whic! 
is equally effective on all steels, cast iron and nov 
ferrous metals. These electrodes, known as Groovee: 
can be used with ordinary A.C. or D.C. welding plant 
without additional equipment such as oxygen or al 
supplies. They leave a clean scale-free surface that 
requires no further preparation before re-welding. 4 
the electrodes contain a steel wire core, there is 0 
chance of carbon pick-up. 

For cutting grooves, the Groovees electrode is heli 
at an angle to the work surface, pointing in the directio! 
of travel. After an are is struck, the electrode is movet 
rapidly along the line to be gouged. The force of the 
are cuts the groove and removes the molten meta! 
giving a clean bright finish. For gouging out defects ™ 
castings, a series of overlapping grooves is cut 
alternate directions, making it possible to remove § 
defect of considerable depth. When piercing holes 
removing rivets, the electrode is held perpendicular 
the workpiece, the are struck and held until the meté 
flows, and then the electrode moved into the moltet 
pool. With manipulation, holes up to }-in. diameté 
can be pierced in plate up to }-in. thick, and rivet 
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»moved from much thicker plate. Groovees are 

applied in two standard sizes, 10 s.w.g. and 8 s.w.g. 
Welding Electrode Division, The English Electric Co., 

lid., Clayton-le-Moors, Accrington, Lancs. 


Calcium Sulphide Photo-Cell 


jyew type of photo-electric cell incorporating a specially 
«nstructed photo-sensitive element of cadmium sulphide, 
ud some 20,000 times more sensitive than the conven- 
tional photo-emissive cell, is about to be introduced by 
Yullard, Ltd. Even from weak sources of light it will 
produce sufficient current to operate a large relay direct, 
yithout the need for intermediate amplification : 
furthermore, it will produce the current necessary to 
yerate a relay with only a very low applied voltage, as 
result of the resistance of the cadmium sulphide 
dement being effectively reduced by an interdigital 
yattern of copper strips. The cadmium sulphide cells 
vill be mounted on standard valve bases. 

The cadmium sulphide cell can replace the conventional 
jhoto-emissive cells in the majority of devices designed 
w perform on/off switching operations at speeds up to 
about 50 e./s. Its inherent ruggedness makes it particu- 
aly suitable for industrial use, and being non-polar it 
vill operate from both A.C. and D.C. supplies. It 
ifers particular advantage in flame-failure detectors for 
iil-fired burners—a field where photo-cells are very 
widely used—since its spectral response is greatest in the 
vlow/red region. Potential applications for the cell are 
however extremely widespread, ranging virtually over the 
atire fields of industry and commerce : lighting control ; 
industrial counting processes; smoke monitoring : 
wuming systems and safety control devices; and 
wtomatic headlight dippers are just a few. 

A comprehensive range of cadmium sulphide cells 
vill, in due course, be marketed by the Communications 
and Industrial Valve Department of Mullard, Ltd., and 
various types will be available for specific groups of 
‘plications. Sample quantities will begin to be 
wailable in March, and quantity production of the first 
types is scheduled to start in May of this year. 


Mullard, Ltd., Mullard House, Torrington Place, 
London, W.C.1. 


Dall Orifice 


(g0RGE Kent, Lrp., announce the introduction of the 
lall orifice, the latest addition to their range of differen- 
tal-pressure producing devices, which is intermediate 
i both pressure loss and cost between the square- 
‘dged orifice plate and the Dall tube. It is thus particu- 
aly suitable for use where pressure recovery is of 
importance, but space or first cost precludes the use of a 
all tube. A comparison of the pressure losses incurred 
'y various differential-pressure producers shows that on 
imedium-velocity installation working with a 100 in. 
"g. instrument, the pressure loss with a Dall orifice 
vould be only 19 in. w.g., compared with 60 in. w.g. for 
ordinary orifice plate or a flow nozzle, and 5 in. w.g. 
‘ora Dall tube. 

The Dall orifice is a self-contained, truncated form of 
Dall tube, and has a thickness, where it is clamped 
‘tween the pipe flanges, of only 13 in. The over-all 
eigth is 0-3 of the pipe diameter, and the downstream 
‘one simply projects a short way into the downstream 
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pipe. The design is such that the essential features of 
the Dall tube have been retained, while the shorter 
downstream cone gives the desired compromise between 
cost, space saving and pressure recovery. The pressure 
tappings are taken out through the rim, and there are 
drain and or vent holes through the orifice, thus avoiding 
the need for separate drains or vents. 

Dall orifices are at present available for 6 in. to 24 in. 
pipes, and are normally cast in gun-metal, but high- 
grade cast-iron can be used for some applications on 
18 in. and larger sizes. The fluids for which they are 
suitable are the same as those for the Dall tube, namely, 
water other than sewage, compressed air, low-pressure 
air, relatively clean and non-corrosive gases, and low- 
pressure steam, such as exhaust steam. 


George Kent, Ltd., Luton, Beds. 


Vacuum Cleaner for Liquids and Solids 


A NEw industrial vacuum cleaner which will pick up 
liquids as well as dust and dirt, has recently been 
introduced. Known as the Martinet Wet-Dry Suction 
Pick-Up, the new cleaner is suitable for a variety of 
purposes in metalworking shops, such as picking up 
dirt, oil and grease from floors and machinery and 
assembly lines. Metal chips from machine shop floors 
can also be picked up and salvaged. 

The Martinet consists of any standard Martindale 
portable blower mounted on a rust-proof 4 gal. tank, on 
wheels, with filterbag, hose and suction tool attachments. 
The lid of the tank is made of cast aluminium and 
incorporates a centrifugal device which ensures that 
while liquids and heavy dust particles are sucked into 
the tank, only fine dust is passed through to a filter bag 
attached to the blower unit. A shut-off device operates 
when four gallons of liquid have been picked up, and 
closes the suction inlet. The lid is clamped to the tank 
with quick-release toggle clips. 

The Martinet can be used for picking up soapy water, 
detergents, grease and oils off any type of flooring, and a 
12-in. squeegee floor tool and a special hose are available 
for this purpose. For collecting dust, any Martindale 
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suction tool can be fitted onto the standard 6 ft. rigid 
tube, which is attached by the hose to the wet-dry 
cleaner. The Martinet is fitted with three solid-tyred 
metal wheels, two at the back of the tank and one 
smaller wheel on a protruding arm at the front, and 
can be pulled along easily by means of a handle on 
the blower unit. 


Martindale Electric Co., 
London, N.W.9. 


Ltd., Westmorland Road, 


Low Temperature Ovens 


THERE are two basic types in the new Barlow-Whitney 
standard range of small and medium size, general- 
purpose electrically-heated industrial tray loading ovens. 
These are designated as Series E.150 and E.300, and 
cover operating temperatures to 150°C. and 300° C., 
respectively. Internal capacities are from | to 72 cu. ft., 
and the majority of sizes are available with natural 
or fan circulation. 


Series E.150 ovens are of robust all-steel double-skin 
construction, and are well insulated against heat losses. 
The heating elements, of the totally-enclosed, metal- 
cased type and operating at black heat, are housed in 
the base or side walls behind anti-radiation shields. 
Close temperature regulation is effected by an adjustable 
hydraulic thermostat with separate neon indicator. 

Series E.150 ovens are arranged with natural ventila- 
tion for the disposal of moisture or fumes, but can also 
be supplied with a motor-driven fan to stimulate air 
circulation as an optional feature when required. 

Series E.300 ovens are of somewhat heavier construc- 
tion and more heavily insulated. They are available 
with natural ventilation or with full forced circulation, 
with either horizontal or vertical air flow. A powerful 
motor-driven fan housed in the roof, ensures uniform 
temperature conditions and rapid heat transfer. The 


air flow is adjustable from full throughput of fres) * 
to partial or total recirculation, as requirements dicta, 
An electrical interlock ensures that the heaters are oy), 
in circuit when the fan is running. ' 
The temperature of the E.300 forced circulation oye, 
is automatically controlled within close limits by megp, 
of a 4 in. dial indicator-regulator. These models 4, 
also provided with a safety thermostat to limit th, 
temperature and protect both the charge and the heatin, 
elements should the main controller fail to funetia, 
Recorders, programme controllers and process timex 
ete. can be provided to suit any specific requirements, 


Barlow- Whitney, Ltd., Coombe Road, Neasden, Longe, 
N.W.10. 


Flame-Failure and Ignition Controller; 


Two new flame-failure controllers from Ether, Ltd 
which are entirely new in design, have a number (i 
worthwhile and interesting features. Both are designe 
to combat running flame failure in gas or oil-fre 
systems. The first of them, the Type 700, is semi. 
automatic, and the second, the Type 701, is a fully. 
automatic relight unit. Instead of using sensing ele. 
trodes for “ seeing ’’ the flame in the furnace, the nev 
controllers employ an_ infra-red-sensitive photo-ce| 
(protectively housed and fitted with a toughened glas 
lens). The photo-cell reacts instantly to flame failure 
and when this occurs an electronic control unit immedia. 
tely shuts off the fuel supply. The design of the electroni 
circuit is such that the controllers are sensitive to flam 
only, and completely ignore radiation within the heating 
chamber. 

The Type 700 unit is designed for manual, electrica! 
ignition of gas- or oil-fired furnaces, and has provision 
for an automatic purge cycle. The rather more ambitiou 
Type 701 unit is designed for the completely automati 
operation of almost all types of gas- or oil-fired furnaces 
It has an automatic purge and ignition cycle, this ensur. 
ing that, should flame failure occur, both pilot burne 
and main burner are shut off instantly and, after the 
purging cycle, are automatically re-lighted. 


Ether, Ltd., Tyburn Road, Erdington, Birmingham, 2% 


Paintsticks 


In the production of most metal products, it is desirabl: 
to be able to identify the material throughout the 
manufacturing operations, and for this purpose some 
mark of identification is applied. Chalk, paint ani 
similar materials have their limitations for this purpox 
particularly when exposure to heat, moisture, etc., maj 
subsequently have to be withstood. To meet the need for 
identifications which are permanent, a number ¢ 
marking agents have been developed, and A. Levermor 
and Co., Ltd., are now importing into this country the 
Paintsticks made by The Markal Company of Chicago. 
Because of the varying requirements, they consist of‘ 
range, from which it is claimed that it is possible t 
select a marker suitable for rough, smooth, greasy & 
wet surfaces ; for surfaces to be marked at temperature 
in the range —50° to +-1,300° C., or to be heated to such 
temperatures after marking; and for surfaces to be 
exposed to acids, mild alkalies, steam or pickling 
solutions. 


A. Levermore and Co., Ltd., 110 Cannon Street, London, 
E.C A. 
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CURRENT LITERATURE 


two of the principal methods of determining utilisation, 


Book Notices are also fully described. 


ion 
odels an HOT DIP GALVANIZING. 1956 The galvanizing of angles, castings and wire occupies 
iit the 3dited Proceedings of the Fourth International Galvanizir Vi to ‘The Gest investigations 
© heatin Eeemes in Milan, 1956. 232 pp., including alneoens tables to find the most favourable galvanizing conditions to 
functioy and illustrations. 1957, Zinc Development Association, produce on angle sections a coating with optimum 
5 times London. 47s. post free. thickness, adhesion and ductility. The chapter on 
ments, AurHouGH abstracts of some of the papers presented to “Galvanizing of Cast Iron” explains that in the 
London the Fourth International Galvanizing Conference have industry the galvanizing of castings is often accompanied 
by high dross formation and heavy coatings. In examin- 


appeared elsewhere, this new book is the only publication rn av) ; 
to contain all the papers and discussions. Many aspects '™€ the galvanizing characteristics of grey, white and 
of galvanizing practice of interest to both specialist and malleable iron castings, inadequate surface preparation 


ollers general galvanizers are described, and users of galvanized = W@S found to be the major source of difficulty. Shot 
r, Ltd products and material will obtain useful guidance from blasting to remove burnt-on sand provided the practical 
— of the later chapters on painting and new applications. solution to avoid the long immersion times that were 
signed The first chapter “Survey of Galvanizing Practice » otherwise necessary. Low silicon and particularly low 
oil fire reviews practice in some forty European galvanizing phosphorus in grey iron were also found to be responsible 
Semi. Sor purposes of p the for much increased dross formation when long galvaniz- 
a fully. eaten le given in both the times were used. Control of galvanizing conditions 
elec. methods of 224 of cast iron composition can, it is maintained, lead 
he new heating, fuel consumption oni of substantial savings in zine consumption. The 
oto-ce| residuals. Efficient use of labour and productivity are problems involved in galvanizing wire netting are out- 
d Blas. aes dealt with in detail . lined in Chapter VIII, and in the discussion it is pointed 
failure out that prior annealing of the work to achieve a uni- 
media. In Chapter II, on The Influence of Impurities in Iron formly soft material is most important. : 
ctroni on Attack by Molten Zinc,” are discussed the factors The an . = 
which cause rapid destruction of galvanizing pots and . . "© durability of a paint system on galvanized steel 
flame: ! | is increased by 25-50°,, it is stated in Chapter IX, but 
eatin: extensive dross formation. Forty-two different steels h Spang nt 
’ were used to study the effect of carbon, silicon, mangan- the paint system itself mas be carefully chosen. The 
etrical ese, phosphorus, sulphur, copper and aluminium on iron of Dutch = 
ition: which rapid attack occurs. High carbon and silicon of 
onsur. third chapter in which it is pointed out that a major 
overhead cost in the process is the failure of the galvan- 
ar th izing pot. Complicated modern plants make it even _. The book ends with a chapter New Markets for 
more imperative to obtain long pot life and the paper Galvanizing,” in which is discussed the work of the 
=" makes certain recommendations designed to enhance pot European General Galvanizers Association, which had 
a life. Chapter IV entitled “ Heating Galvanizing Baths.” been formed as a result of the last conference. Apart 
contains three papers. The first presents a detailed from stimulating interest in productivity and cutting 
examination of the main methods of heating, with costs, work was under way to increase the applications 
rabl: special reference to recent developments in top heated °f galvanizing. New uses for galvanizing with particular 
the baths, and discusses the decisive factors, such as running reference to the railways, coalmining, structural engin- 
som: costs and temperature control, in choosing a suitable fuel. ©°™'#- shipbuilding, pylons and bridges are discussed. 
and The advantages and disadvantages of electrical resistance 
pox heating compared with coal heating in plant which has NICKEL AND ITS ALLOYS 
mat been converted to the former are discussed in the second. By J. G. Thompson, National Bureau of Standards Circular 
d for whilst the third is a short paper on gas immersion heating 592 (supersedes Circular 485), issued February 5th, 1958, 87 
r of using lead pockets, based on the author’s experience of ~. 60 conte. May be obtained from the Superintendent of 
‘ocuments, l &. Government I rinting Office, WwW achington 25, 
system from 1950-55. The discussion on these threc D.C. Foreign remittances must be in U.S. exchange and 
the papers deals in detail with recirculation systems, drossing. should include an additional 15 cents to cover mailing costs. 
ago. insulation and pot life. THE first National Bureau of Standards Circular on 
of 8 Chapter V, “ The Benefits of Applying Work Study to Nickel was published in 1921, and was subsequently 
4. General Galvanizing,” is the first detailed survey to be revised in 1924, and again in 1950. The phenomenal 
bud given on this particular aspect. It reviews the back- expansion of the North American nickel industry since 
ares ground and history of the H.D.G.A. Productivity Service 1950, the release of some of the previously restricted 
* for which the author is responsible and gives an account information, the development of new theories of alloying 
ma of the work study investigations undertaken and their and heat treatment, and the development of new alloys 
c objectives. The paper, which is profusely illustrated to meet industrial requirements of ever increasing 
with explanatory charts and diagrams, points the way severity have made it desirable once more to revise this 
lan, to reduced costs through more efficient use of labour and important circular. 
The current revision was sponsored by the Interna- 


equipment. Memo-motion study and activity sampling. 
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tional Nickel Company, Inc., under the Bureau’s Research 
Associate plan. A review of the available literature 
through 1956 is presented, as well as some 1957 references 
and unpublished information. Among the topics covered 
in the circular are: occurrence of minerals and ores 
throughout the world, recovery and refining, uses and 
properties (general, optical, thermal, electrical, magnetic, 
and mechanical) of high-purity and commercial forms of 
nickel, as well as properties and industrial applications 
of its important ferrous and non-ferrous alloys. About 
800 supplementary references are listed as sources of 
further information. 


Trade Publications 


THE April, 1958 issue of /nstrument Engineer, published 
twice a year by George Kent, Ltd., Luton, at 2s. 6d., 
contains articles on the use of pneumatic diaphragm 
units, the effect of roughness of the orifice plate on the 
discharge coefficient, industrial instrument maintenance, 
level control in glass melting tanks, and a further con- 
tribution in the series on the history of flow measurement 
by differential pressure. 


THE electric resistance heated bell type furnaces featured 
in a recent G.W.B. Furnaces leaflet has a very wide 
application, being used for such varied processes as stress 
relieving, sintering, nitriding, malleablising, brazing and 
annealing—particularly bright annealing. Two other 
new leaflets deal with continuous furnaces of the roller 
hearth and pusher types, respectively. 


Copies are available from Union Carbide, Ltd., Alloys 
Division, of a new publication entitled ‘‘ Product 
Sketches,” The Alloys Division is currently handling 
over 160 different ferro alloys and metals, and ‘‘ Product 
Sketches ”’ details briefly the grades which are available, 
whilst at the same time enlivening the effort with a few 
snatches of metallurgical history and a sprinkling of 
thumb-nail sketches. 


Ir is now seven years since Enchiridion was first pub- 
lished by Firth-Vickers Stainless Steels, Ltd., and in 
No. 12, which appeared in February, the editorial 
follows the usual pattern in presenting a progress report 
on the state of the stainless steel industry. Other 
features in this issue are concerned with the use of 
stainless steel on the domestic front, in the preparation 
of photographic materials, in motor car trim, in the 
R.A.E. wind tunnel at Bedford. ete. 


A PAPER on industrial gas sampling, read at the Society 
of Instrument Technology Conference on The Automatic 
Measurement of Quality in Process Plants, at Swansea, 
last year has been published in abridged form by George 
Kent, Ltd., as Publication T.P. 5027. Another new Kent 
issue is Publication 276, dealing with the new Dall orifice. 


WE have received from The Instrument Division of 
English Electric, at Stafford, five new instrument leaflets, 
two concerned with switchboard instruments and the 
other three with panel instruments. The former both 
deal with moving coil instruments, one with the square 
dial type suitable for flush mounting, and the other with 
the round dial type suitable for flush or projecting 
mounting. The panel instrument leaflets cover, respec- 
tively, the round, square and rectangular flush mounting 
types. 

A MAJOR portion of the Nickel Bulletin for January is 
devoted to papers dealing with materials for use in high 


temperature, the abstracts including reference to papers 
on the mechanical properties of aircraft materials gt 
elevated temperatures. Items of interest in relation to 
the atomic energy industry include papers on the 
influence of irradiation on the properties of stainless 
steels and high nickel alloys. Items of interest in relation 
to constructional steels include studies of the effect of 
hydrogen on martensite formation, the influence of 
alloying elements on temper brittleness, and fatigue of 
steel as beneficially affected by pre-stressing or dele. 
teriously influenced by cadmium plating. 


THE Incandescent Laclede suspended arch is featured 
in a new Incandescent Heat Co. illustrated leaflet. This 
type of arch is suitable for regenerator roofs, soaking pit 
covers, slab and billet heating furnaces, bogie hearth 
furnaces, aluminium reverberatory furnaces, etc. Among 
the advantages claimed for it are ease of installation and 
replacement, sturdy construction and ample safety factor, 
gas tightness, applicability to any roof contour, unique 
provision for expansion, and the fact that insulation can 
be applied to 85°, of the roof area, without the supporting 
clips being buried in the insulation. 


A RECENT General Refractories brochure gives particulars 
of the new range of Sillmax bricks for high temperatures 
and severe operating conditions. Sillmax 54 brick, 
based on a raw material mineralogically similar to 
sillimanite, is generally recommended for combustion 
chambers and furnaces construction where superior 
volume stability at high temperatures is essential. 
Based on corundum and sillimanite of highest quality, 
Sillmax 75 brick is design for use where temperature 
conditions are unusually severe. Based on natural 
sillimanite of highest purity, the Sillmax 63/100 group 
of bricks is the outcome of an entirely new technical 
development resulting in the production of bondless 
sillimanite bricks. They are of three types and are used 
for furnace linings requiring very high refractoriness, 
perfect volume stability and maximum spalling resistance. 


From a few established uses requiring only small 
quantities of the metal, the demand for indium has 
grown considerably since the Consolidated Mining and 
Smelting Co. of Canada, Ltd., published its first booklet 
on the metal. Considerable quantities are now used in 
semi-conductor devices, bearings, low melting alloys, in 
alloys that will adhere to glass, and in solder alloys with 
high alkaline corrosion resistance, to name a few applica- 
tions. A second booklet, “‘ The Metal Indium and its 
Uses ’’ summarises present basic knowledge of the metal 
and introduces Tadanac indium products now available. 
Copies may be obtained from Henry Gardner & Co., Ltd., 
2 Metal Exchange Buildings, Leadenhal] Avenue, 
London, E.C.3. 


THE latest issue of Inco-Mond Magazine (No. 5) contains 
a review of the Canadian nickel industry and includes a 
flow chart illustrating the mining, smelting and refining 
operations of the Inco-Mond Group. Reference is also 
made to the availability of films illustrating mining, 
smelting and refining. Other subjects dealt with include 
the production of hard nickel dies, stainless steel piping 
and food manufacturing equipment, 8.G. iron valves, 
rhodium-plated tableware and certain Swedish enter- 
prises. A description of the use of cobalt in Irish sheep 
farming strikes an unusual note in such a publication. 
Copies are obtainable free from The Mond Nickel Co.. 
Ltd., Thames House, Millbank, London, 8.W.1. 
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important factors in photomicrography and one 

of the most difficult to assess. Several attempts 
have been made to develop photoelectric exposure 
meters for this purpose, but these instruments are 
usually somewhat complex because the light intensity at 
the image plane of a metallurgical microscope is very 
low, and an amplifying system must be used in con- 
junction with the light-sensitive cell if the latter is 
positioned at the image plane. Haythorne and Powell’ 
have described an instrument using a_ barrier-type 
photocell, and Alder? an instrument using a gas-filled 
caesium-type photoelectric cell. Schaeffler*, however, 
has developed a simplified procedure in which the light 
filters and the photographic ocular are removed from the 
microscope and the much higher light intensity at 
approximately the ocular position measured by means 
ofa standard light meter. All methods require empirical 
calibration for the particular photographic emulsion in 
use, and, in the case of Schaeffler’s method, calibration 
foreach microscope combination of objective, ocular and 
camera extension. 

A characteristic of all these methods is that the 
exposure is based on the average light intensity of the 
image. A correct measure of the exposure is obtained 
when the subject is of uniform brightness, such as when 
all the individual grains or phases are of similar reflec- 
tivity, but not in the more usual case where the in- 
dividual areas of the microstructure differ appreciably in 
reflectivity. Consider, for example, the case where a 
normalised medium-carbon steel is to be photographed 
in vertical bright-field illumination, the microstructure 
consisting of ferrite in a matrix of dark-etching un- 
resolved pearlite. A micrograph of this subject would 
always be printed so that the ferrite areas appear as a 
very light grey ; the appearance of the pearlite areas in 
the print is consequently automatically determined by 
the contrast of the original etch and the contrast of the 
photographic processes. The overall appearance of the 
micrograph will be truly representative of the specimen 
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LABORATORY METHODS 


MECHANICAL - CHEMICAL - PHYSICAL - METALLOGRAPHIC 
INSTRUMENTS AND MATERIALS 


It is both theoretically correct and practically possible to standardize the photographic 

exposures of metallurgical microscopes. The microscope is calibrated for each standard 

optical combination and magnification with a reference standard alloy and under standard 

illuminating conditions. Simple exposure factors are determined for other alloy groups 
and for major changer in illumination intensity. 


Vol. LVII, No. 342 


The Standardisation of Photographic Exposures in 
Metallurgical Microscopy 


By L. E. Samuels, B.MetE., M.Sc., A.I.M., T. O. Mulhearn, B.Sc., A.IL.M., and 
R. M. Robb, A.S.T.C. 


Defence Standards Laboratories, N.S.W. Branch, Alexandria, Sydney, Australia. 


as-etched, if the exposure of the negative has been 
chosen to ensure that both the ferrite and pearlite areas 
have been exposed on the straight-line portion of the 
characteristic curve of the photographic negative, i.e., 
within the latitude of the negative. When this condition 
is fulfilled, the same exposure would be correct for 
specimens of all proportions of ferrite and pearlite, other 
conditions being constant. The same exposure obviously 
would also be correct for any steel subject, the con- 
stituents of which are within the chosen brightness 
range. On the other hand, the exposures of such a 
range of specimens based on the average image intensity 
would differ appreciably, requiring adjustments in 
printing conditions for comparable prints. Similar 
considerations are applicable to any group of alloys. 

This argument only reiterates the standard photo- 
graphic principle that exposure should be based on the 
high-light intensity of the image, rather than the average 
image intensity. However, it does also infer that, under 
the rather special conditions of metallographic micro- 
scopy, it should be possible to establish a standard 
exposure for each basic alloy type (iron-base, copper- 
base, aluminium-base alloys, ete.) at each standard 
microscope combination. 

The soundness of these conclusions is illustrated by 
the series of micrographs shown in Figs. | and 2, repre- 
senting a wide range of structures of steels and aluminium 
alloys, respectively. The negatives within each series 
were all given the same exposure, were developed 
together, and were printed under absolutely identical 
conditions ; the common negative exposure was in each 
case chosen to fulfil the conditions discussed above. All 
the prints correctly represent the original etching 
contrast. On the other hand, the average image inten- 
sities as determined by Schaeffler’s* method, which are 
shown in the caption to each figure, varied by a factor 
of approximately two. The clad aluminium alloy sheet 
shown in Fig. 20 is a particularly good illustration of the 
fallacy of using average image intensity for assessing 
exposure. The darker-etching core and the non- 
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Key 


a Ingot iron 

b Mild steel 

c Normalised medium carbon 
steel 

d Ferrite and tempered mar- 
tensite 


Light Meter Readings 


(ft. candles) 
a 14 
b 12-5 
c 
d 8-5 


Fig. 1.—Representative steel microstructures, all photographed with a standard exposure and the negatives 
developed and printed under identical conditions. x 250 


reflecting area beyond the edge of the sheet greatly 
reduced the average image intensity, giving an entirely 
false reading. 

Two assumptions were made in developing the above 
conclusions, namely, that the illuminating sources used 
for metallurgical microscopy are sufficiently reproducible 
over long periods to justify standardisation, and that 
the reflectivities of commercial] alloy types are sufficiently 
similar to permit classification into alloy exposure 
groups. In practice, an appreciable latitude is per- 
missible in both these factors, since greater variations 
are likely to be introduced by less controllable variables 
of the photographic process, such as the development 
of the negative. The purposes of the experiments 
described herein were to establish whether these assump- 
tions are justified, and to explore generally the possi- 
bilities of adopting standardised exposures for general 
metallographic work. 


Determination of Standard Exposure 


Ail the experiments described were carried out on a 
Bausch and Lomb “ Research ” Metallograph using the 
standard yellow-green filter in the illuminating train. 
The negative material used was Australian Kodak 
“Commercial Orthochromatic cut film. The recom- 
mended developer for this film is Kodak DK60A, in 
which the negative can be developed to a range of 
contrasts corresponding with gammas* of 1-0-1-54. The 
film is normally developed to a gamma of 1-3, and this 
value was used throughoutt. 


* The gamma (Y) of a negative emulsion is defined as the tangent of the slope 
of the straight line portion of the characteristic curve. It is a measure of 
negative contrast. 

+ The developing characteristics of orthochromatic film exposed to the yellow- 
green light used in microscopy are somewhat different from those published in 
the manufacturer's literature. The latter are normally based on exposure to 
. — noon daylight "'; a slightly higher gamma is obtained in yellow-green 
ight. 
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The method usually recommended for carrying wt 
trial exposures is to remove the dark slide and expox 
the entire negative for one exposure increment, cover a 
strip of the negative by partly replacing the dark slide 
and expose a further increment, repeating the process 
until the required number of strips has been exposed. 
This procedure has the serious disadvantage that the 
incremental exposures are not equivalent to a single 
exposure of the same total duration (‘‘ Intermittency 
Effect’). A more satisfactory method is to cut a 
rectangular slot in the dark slide of the film holder s 
that the slide can be withdrawn in stages and successive 
strips of the negative individually exposed. A solenoid 
was fitted to the microscope camera shutter so that the 
exposure time could be controlled by means of an 
electronic timer adjustable in 0-1 sec. steps. In general, 
the exposures were determined on well-polished unetched 
specimens. 

Two methods of determining the correct exposure have 
been developed. The first is an accurate method used 
in the present experiments, which requires the use of 8 
densitometer. The second is a simpler method which 
would probably be satisfactory for general practice. In 
the first method, the step negative is cut into three strips, 
one developed under conditions estimated to give the 
target gamma of 1-3, one to give a somewhat higher 
gamma, and one to give a somewhat lower gamma. The 
density of each step of each strip is measured by means 
of a densitometer (in these experiments, on a simple 
Capstaff-Purdy type), and the figures plotted against the 
logarithm of exposure as an ‘exposure curve’’ (see 
Fig. 3). In general, the middle curve will not show 4 
gamma of exactly 1-3, but the straight-line portion of the 
theoretical y=1-3 curve can be predicted by the usual 
procedure of extrapolating the straight-line portions of 
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Fig. 2.—Representative aluminium alloy microstructures, all photographed with a standard exposure an 
negatives developed and printed under identical conditions. x 
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desired exposure value can be read from the y=1-3 
curve, as illustrated in Fig. 3, once a suitable value for 
the maximum negative density has been chosen. 

The contrast of the majority of metallographic 
subjects is well within the latitude of orthochromatic 
film developed to a gamma of 1-3, and the choice of a 
maximum density is therefore somewhat arbitrary. It 
is desirable, however, that this density should be as low 
as possible, so that printing exposure times are not 
excessively long. The most contrasty subjects commonly 
met with are probably ferrous materials containing 
ferrite and either graphite or unresolved pearlite. A 
maximum density which ensures a satisfactory exposure 
for these specimens should therefore be a suitable 
standard for general use. A series of experiments based 
on these considerations, and extensive practical ex- 
perience, has indicated that 1-6 is the optimum value 
for the negative material under consideration. 

The suitability of this choice is illustrated by the 
series of micrographs of a cast iron subject shown in 
Fig. 4. Of the series, Fig. 4c, for which the negative 
density of the ferrite areas was 1-6, is the first showing 
full contrast ; Fig. 4d, which had been given a longer 
exposure to produce a density of 2-1 at the ferrite areas, 
shows the same print contrast but requires an ex- 
cessively long printing time. 

In the simplified procedure, a step negative, or a series 
of negatives, is exposed with a subject of high contrast 
(such as the normalised steel discussed above) and 
developed under carefully controlled conditions to the 
recommended contrast for the negative material. The 
best-possible print is prepared from each negative on a 
normal grade of printing paper, as in Fig. 4. On the 
basis of these prints, the negative is selected which gives 
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Fig. 4 Microstructure of flake graphite, ferrite and resolved pearlite. Exposure times 
creased and each negative printed to best possible result. 


full contrast without requiring an excessive printing 
time. The high-light density of this negative is adopted 
as the standard density. Subsequent exposure-deter- 
mination series can be compared with the standard 
negative either by comparing visually the high-light 
density of the negatives or, more satisfactorily, by 
selecting negatives with the same printing characteristics. 


Light Sources 

Two representative light sources have been investi- 
gated, namely, a D.C. carbon are and a tungsten strip 
filament lamp. 

A characteristic of D.C. carbon ares is that the 
intensity of illumination is almost independent of arc 
current over most of their operating range. Extensive 
trials have confirmed that the standard exposures 
determined with this source are, in fact, virtually 
independent of are current. With the particular lamp 
investigated, the standard exposure for aluminium 
specimens varies by less than 2°, over a range of are 
currents from 7 to 10 amp. 

The same constancy cannot be expected of filament 
lamp sources. Firstly, the lamps deteriorate with age. 
This is, however, not a problem, because marked ageing 
normally occurs only during the first few hours of the 
lamp life, the lamp intensity thereafter being sub- 
stantially constant until the filament fails. This be- 
haviour has been found to be characteristic of the 
particular lamps investigated, stability being reached 
after 2-3 hours’ use. Secondly, it might be thought that 
individual lamps may differ appreciably in their output. 
Trials with many lamps have shown, however, that the 
reproducibility of the particular make investigated is 
well within acceptable limits; this no doubt applies 
also to the products of all major manufacturers. Thirdly, 
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Exposure Time 


N 
o 


Negative Density 


(ferrite) 
a 0-9 
b 1-1 
c 1-6 
d 2:1 


Printing Time 


(sec.) 
a 0-8 
b 1-4 
3-8 
d 14 


rogressively in- 
500 


the intensity of a source of this type is very sensitive 
to variations in the applied voltage ; this is the impor. 
tant factor in practice. For example, the lamp ip. 
vestigated was intended to operate at 6-0 volts; if 
operated at 5-0 volts, the exposure would have to be 
doubled. Satisfactory results are obtained, however, if 
the applied voltage is maintained within +0-1 volt of 
nominal. Normally, it can be expected that the operat- 
ing voltage will remain within this range but, if this 
cannot be relied upon, it would be desirable to install « 
voltmeter across the lamp terminals and provide some 
method of adjusting the lamp voltage. 

Summarising, it may be said that standard metallo- 
graphic light sources appear to be sufficiently constant 
and reproducible to permit exposure standardisation. 


Adjustment of Aperture Stop 

The illuminating train of a metallurgical microscope 
is fitted with an “ aperture stop ” diaphragm which & 
imaged on the back element of the objective. It fune- 
tions as an iris stop in the objective, and influences 
directly the intensity of the illumination incident on the 
specimen. Hence, the photographic exposure must be 
expected to increase in proportion to the square of the 
reduction in aperture stop setting* below that necessary 
to fill completely the objective with light. Some account 
must obviously be taken of this factor in any exposurt 
standardisation procedure. ; 

This is best done by standardising the exposure with 
the back element of the objective just completely filled 
with light (100°, stop setting). Corrections to the 
exposure can then be made for other stop settings by the 
use of the factors set out in Table II. These factor 


© 'The aperture stops on metallographic microscopes are usually graduated a 
the diameter of the stop opening. 
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TABLE I.—CALIBRATION AND EXPOSURE TABLE 
Bausch & Lomb “ Research "’ Metallograph (Serial No. TR9869) 


Exposure (sec.) 


\ngnification Objective Stop Ocular | Extension Factor } Santee | 
Setting } (mm.) 1-0 1-2 1-3 1-5 
5-6 x Achro 4-2 Hyg. | 455 3-0 3-5 4-0 4-5 
0-12 N.A. | | 
95x | &-0x Achro, 4-2 5 Hyg. 4160 4-0 
0-20 NA. 
| 13-5 Achro. 3-1 5» Hyg. 370 4-5 6-0 70 
0-25 N.A,. | 
| 21-0xAchro. 2-7 10 x Hyp. 310 15 1s 20 | 23 
0-40 NA. | 
500» | 41-0 Achro. 3-1 10 x Hyp. | 310 10 12 13 15 
| 0-65 N.A. 
22 | 24 27 
| 
42 45 | 1) 
1-00 | | 
| Apo, 1-9 10 Amp. 120 } 120 
1-40 NLA. 
| 80-0 % Apo. | 1x Amp. 470 | 170 
| 1-40 | 


vere determined experimentally, but correspond exactly 
sith calculated values. This need to account for the 
yerture stop setting is not a serious disadvantage, 
eause its correct setting is an essential feature in the 
siticeal adjustment of the microscope. 


Reflectivity of Alloy Groups 


The proposed exposure standardisation procedure will 
¢practical only if a common exposure can be ascribed 
»a particular group of alloys of the same basic type. 
ud if this exposure is substantially independent of 
wmal variations in specimen preparation and etching. 
ixtensive practical experience has shown not only that 
this is so, but also that it is possible to classify a very 
vide range of common commercial alloys into a small 
umber of exposure groups. It is convenient to assign 
irelative exposure factor to each of these groups, as 
listed in Table ITI. 

In the original determination of the exposure factor 
fora particular alloy it is necessary merely to determine 
istandard exposure as described above under a parti- 
wlar set of conditions and compare it with that of a 
ference material; aluminium has been chosen as a 
wvenient reference material. Four exposure groups 
iave been found to be adequate for the alloy groups so 
iw investigated, but it is conceivable that additional 
soups may be required with extension of the system. 
It'seems likely, however, that at most six groups in 
1 steps between 1-0 and 1-5 would be required. 


TABLE IL.—EXPOSURE CORRECTIONS 
FOR OBJECTIVE APERTURE STOP 


Reduction in | Increase in 
Aperture Stop Exposure 
(%) (%) 
lw 
25 
15 40 
60 


TABLE IIl.—EXPOSURE FACTORS FOR ALLOY GROUPS 


Exposure Factor 
(Aluminium = 1-0) 


Metal or Alloy 
\luminium, Silver, Zine, Cadmium 


! 
Brass (10-45% Zn) } 


Copper, Niekel, Brass (010% Zn) 

lin’ Bronze, Aluminium Bronze 1-3 
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The exposure factors determined as above have been 
compared with factors determined by the Schaeffler* 
method and, in many cases, it has been found that the 
agreement is not good, even for single-phase alloys. This 
is particularly noticeable in the case of copper alloys. 
The failure of the light meter method in these instances 
is thought to be due to differences in the spectral response 
of the light meter and the photographic negative. 


Calibration of the Microscope and the Application 
of the Method 


It will be assumed that the microscope is to be 
operated only at a restricted number of magnifications, 
such as the series recommended by the A.S.T.M. Tenta- 
tive Standard Method Designation E2-49T, a selected 
combination of objective and ocular being used at each. 
The microscope may then be calibrated for a particular 
illuminating source by determining the standard ex- 
posure for the reference aluminium specimen (exposure 
factor 1-0) at each magnification, each objective being 
operated at 100°, aperture. All this information can be 
assembled in a calibration table which includes exposure 
columns calculated for the remaining exposure factors of 
Tabie III. An example of such a table is given in 
Table I. 

Once this has been done, the exposure to be used 
under a particular set of practical conditions is deter- 
mined by the following simple method :— 


(a) The exposure factor for the alloy being examined 
is selected from Table III. 


(b) The exposure for this factor and the optical 
combination to be used is read from Table I. 


(c) If necessary, this exposure is finally corrected for 
the aperture stop settingt to be employed by use 
of Table IT. 


It may also be convenient to incorporate other 
exposure factors into the system. For example, the 
main exposure Table I is conveniently determined for 
the illuminating source most common in use; in the 
present illustration, the strip-filament lamp. A single 
exposure factor can be determined for any other source 
and any other light filter combination ; as an example, 


+ To facilitate this calculation, the aperture diaphragm setting for 100% aper- 
ture is included in Table 1. 
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the factor for the D.C. carbon are used with the present 
microscope is 0-1. A limited amount of experience has 
also suggested that suitable exposure factors can be 
determined for some illuminating conditions other than 
the normal bright-field vertical illumination considered 
above ; these include oblique, conical-stop, and phase- 
contrast illumination. Polarised light, however, presents 
some difficulties, because colour changes are involved 
which affect appreciably the response of the photographic 
emulsion. 

The system outlined has been in use in the authors’ 
laboratory for several years with good practical results. 
A high degree of uniformity of negatives is achieved 
and all negatives print satisfactorily over a reasonably 
narrow range of printing conditions. It has been found 
that those variations from the optimum negative density 
which do arise are invariably attributable to unsatis- 
factory control of the developing conditions. It is 
essential, therefore, that every endeavour be made to 
standardise developing conditions, and that correct 
allowance be made for variations in the temperature of 


the developing solution. Specimens are occasional 
encountered with a contrast range outside that provide; 
for in the system described. There are also gop, 
etching techniques which deposit an oxide or sulphid, 
film of low reflectivity on the specimen surface, and ) 
which the standard exposure factor is not applicabj 
It is more satisfactory, however, to make specia 
provision for these isolated cases by the determinatia, 
of a special exposure factor than to adjust the who} 
system to accommodate them. 
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Siemens Exhibition 


A Sma. exhibition presenting the life and work of Sir 
William Siemens opened at the Science museum on 
March 10th, 1958. It has been prepared in collaboration 
with Siemens Edison Swan, Ltd., and is based upon 
exhibits collected together for display at the Central 
Hall, Westminster, on the occasion of the Siemens 
Bros. Centenary Lecture on March 5th. 

Charles William Siemens was an outstanding figure in 
the industrial development of the nineteenth century, 
combining scientific insight and technical ability with 
an unusual degree of commercial acumen. He was an 
acknowledged pioneer of the electrical industry, both on 
the telegraph and supply sides ; and his application of 
his regenerative furnace to metallurgy made him a leader 
also of the steel-manufacturing industry. The exhibition 
traces his career and achievements in a chronological 
sequence. The early years, up to his election to the Royal 
Society, are represented by exhibits relating to his 
inventions of that period, and to the beginnings of his 
work with submarine cables. His later work is repre- 
sented by exhibits dealing with the practice of steel 
manufacture and with the development of the electrical 
industry. In the latter, his work on the self-excited 
generator was of particular importance. The various 
threads are brought together in a centre-piece which 
summarises his achievements and shows modern 
developments to which his work contributed. 

The Science Museum is open: Weekdays, 10 a.m. to 
6 p.m. : Sundays, 2.30 to 6 p.m. Admission is free. 


World Standards Meeting 


SEVERAL hundred industrial leaders, engineers, scientists 
and other specialists from forty countries are to meet 
in Harrogate this coming June for the 1958 assembly of 
the International Organization for Standardization— 
1.8.0. It will be the first time the I.S.0. assembly has 
been held in Britain; previous meetings were in 
Stockholm (three years ago), and before that in New York 
and Paris. The 1958 series of meetings of the full 
assembly, of the 1.8.0. Council, and of fifteen specialized 
technical committees, will be opened on June 9th by 
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I.8.0.’s president, Sir Roger Duncalfe, and they will y 
on until June 21st. Arrangements are in the hands of 
the British Standards Institution. 

The vital role which industrial standards are playing 
in helping trade between nation and nation, and such 
developments as the proposed European Free Trade Area 
lend a special significance to the Harrogate conference 
As national standards are increasingly applied 1 
stimulate productivity and general industrial efficieng 
so it becomes ever more important in export trade that 
the standards of one country should not be in conflict 
with those of its customers and suppliers in another 
1.8.0.’s raison d'etre is to smooth out differences between 
the national standards of different countries. 

The work of formulating international standards is 
carried out by I.8.0.’s eighty-five specialized technical 
committees. The fifteen meeting at Harrogate, will be 
concerned with : nuclear energy. cast iron, steel, copper. 
light metals, mica, solid mineral fuels, machine tools, 
screw threads, fuel-using equipment, cinematography, 
photography, pallets, sealed containers, and certification 
marks. An appeal for funds has gone out to the British 
industries whose standards are likely to be involved at 
meetings of the above technical committees, and it is 
hoped that the response to this appeal will reflect 
industry’s growing use of standards, especially in the 
field of export trade. 


Davy-United Move 


ALL the Sheffield activities of Davy and United Engineer- 
ing Co., Ltd., are now concentrated at Darnall Works, 
which thus becomes the head office of the company. 
Davy-United have disposed of Park Iron Works, in 
Sheffield, which they had occupied continuously since 
1851, twenty-one years after the original founding of the 
company. Darnall Works was first established in 1921 
and has been systematically developed ever since, cul- 
minating in the recent building of a new headquarters 
block housing all engineering and administrative 
departments. The new address is: Davy and United 
Engineering Co., Ltd., Darnall Works, Sheffield, 9. 
(Tel. : Sheffield 49971). 
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G.E.C. Expands 


Atomic Research 
Facilities 


New Laboratory for 
Beryllium Studies 


ESEARCH and development facilities of the 
R G.E.C. Atomic Energy Division at Erith, Kent, 
have recently been considerably expanded. New 
laboratories have been established, and a large quantity 
of new equipment has been installed in those already 
existing. These new facilities are largely concerned with 
detailed experimental investigation aimed at improving 
the original design of gas-cooled, graphite-moderated 
reactor with a view to increasing efficiency and reducing 
costs, and adapting it to meet special requirements, 
particularly for the overseas market. In conjunction 
with studies concerned with other advanced reactor 
systems, these investigations extend the scope of the 
Division’s work far beyond that for which it was origin- 
ally equipped at a time when the main objective was to 
produce, very quickly, a complete design for the U.K.’s 
first round of nuclear power stations, such as that now 
under construction by G.E.C. at Hunterston. 

Among the new facilities is a new laboratory entirely 
devoted to research work on the metallurgy and tech- 
nology of beryllium. This metal is of considerable 
interest to the designer of advanced types of nuclear 
reactor, and shows particular promise as a possible fuel- 
caning material. It possesses, however, certain toxic 
properties which make it necessary to adopt the most 
stringent precautions in all operations involving its use. 

The laboratory at Erith has been specially designed 
and built to meet the peculiar requirements of this type 
ofwork. Its construction, layout, equipment and, above 
all, its elaborate ventilation system, have been carefully 
planned to ensure the maintenance of the highest 
standards of safety in the use of beryllium. In addition, 
arigid code of practice has been evolved for all personnel 
using the building, and a system of regular and detailed 
medical examinations has been established. Consider- 
able assistance was provided by the United Kingdom 
Atomie Energy Authority during the design of this 
laboratory. 

In general terms, the purpose of the laboratory can 

be described as the study of the chemical and physical 
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Metallography box in Laboratory A with an air sampling operation in 
progress (left) ; part of Laboratory B is seen through the partition. 


properties of beryllium metal in fabricated form. The 
first stages of the programme are largely concerned with 
investigations on mechanical properties at elevated 
temperatures, and with measurements of oxidation 
resistance in carbon dioxide. 

One of the major disadvantages of beryllium is its 
brittleness. and it is intended to pay particular attention 
to this aspect. In this connection, equipment for carry- 
ing out creep and stress-rupture investigations is at 
present being installed. Further subjects for future 
study include the welding of beryllium and the examina- 
tion of the effects of aqueous corrosion. 


Beryllium 


Beryllium possesses a number of properties which 
recommend it as a possible fuel-canning material for use 
in gas-cooled nuclear reactors. It has a very low neutron- 
absorption cross-section ; its melting point (1,280° C.) is 
considerably higher than that of other metals already 
used for this duty ; its resistance to oxidation is good, 
both in wet and in dry carbon dioxide ; and its high- 
temperature strength is excellent. 

The ability to use this metal at very high temperatures 
is particularly significant. Current information suggests 
that a beryllium fuel-can could probably be operated at 
temperatures of about 600°C. This would permit the 
maximum gas temperatures at the outlets from the 
reactor to be raised by at least 100° C. above the level 
possible in current designs. Such an increase would 
result in a considerably higher thermal efficiency for a 
nuclear power station. However, a great deal of work 
must be done in order to define the limiting conditions 
under which a beryllium-canned fuel element could be 
used. 

Methods of eliminating the hazards arising from the 
metal’s toxicity have been thoroughly investigated by 
interested authorities, both in this country and in the 
U.S.A., and, as a result, a number of recommendations 
have been made. The principal feature in the standards 
adopted by the United Kingdom Atomic Energy 


213 


| 
ae 

eer 

rks, 

In 
es 

nce 
the = 

2 

ul- 

ive 
ed 

A 


One of two banks of exhaust filters, with an operator in a 
pressurised suit changing the filter. 


Authority, and applied in the design of the new labora- 
tory, is the necessity of obtaining a working atmosphere 
where the average atmospheric concentration of berylli- 
um does not exceed 2 wg. cu. m. throughout the working 
day. In addition to the general precautions necessary 
in the design of the complete installation in order to 
achieve this standard, considerable care must be devoted 
to each operation involving beryllium, special 
techniques may be required in particular cases. For 
example, dusty operations such as grinding require more 
precautions and protective installation than some other, 
non-abrasive, operations. 
The Laboratory Building 

The laboratory is a two-storey brick building with a 
conerete roof. For all normal purposes, the only means 
of entry is through a change room which is divided into 
two parts separated by a barrier. On the entry side of 
this barrier, all personal clothing is left in lockers, while 
on the contact side complete laboratory clothing, includ- 
ing head- and foot-gear, is provided. In addition, there 
are washing facilities and a shower. A washing machine. 
complete with spin drier, and a drying cabinet are 
installed, as no laundry is sent out from the laboratory. 

The laboratory itself is divided into two areas. A and 
B. The A area is designed for operations of greater 
potential hazard, and has a higher air-extraction rate 
than B. Double emergency doors open out of the build- 
ing from laboratory area B and these, though normally 
sealed. are also used where necessary for the introduction 
of plant and machinery. 

The first floor houses the service room and the extract- 
filter room, and also provides some office and laboratory 
accommodation for the Medical Radiobiology Depart- 
ment. 

The walls and ceiling are finished in a high-gloss paint, 
to facilitate cleaning, and every effort has been made to 
keep the laboratory free from dust traps. All the electric 
wiring is buried beneath the plaster, and all switches and 
sockets are flush fitting. The light shades are sealed to 
the ceiling. 

The whole of the floor is covered with heavy-gauge 
linoleum, coved to the walls. and contains twenty-five 
drain points. Liquid effluent is discharged to a 400- 
gallon inspection and holding tank. which can be 


monitored. This tank acts as a water seal on th 
laboratory drains, so that air cannot be drawn into th 
building via the drainage system. <A small filter j 
installed at each of the points where there is a danger of 
finely divided beryllium being discharged into the draip 

Since much experimental work is to be carried out in, 
pressurized carbon-dioxide atmosphere, a supply of thi 
gas is piped round the laboratory at a pressure of 1jy 
p.s.i.g. A normal supply of compressed air is availabj 
but, in addition, a separate compressor is installed 4 
provide a low-pressure, clean air supply for air masks ang 
pressurized suits. 

All laboratory services can be isolated from the servic: 
room, without having to enter the laboratory itself. 

Ventilation System 

The laboratory areas are completely air-conditioned by 
means of one central inlet air duct and two ranges o/ 
extract ducting which run along the laboratory walls a 
ceiling height. 

A fan having a capacity of 6,000 cu. ft. min. draws ai 
into the building through a bank of filters, followed by, 
steam-to-air heat-exchanger thermostatically controlled 
to maintain an inlet-air temperature of 75° F. Filtration 
is necessary at this point in the system in order to increaw 
the effective life of the high-efficiency extract filters. 

The extract system is more complex. It consist 
basically of a fan drawing air at the rate of 8.000 
ft. min. from the laboratory, through twelve Voke 
Absolute filters. These are arranged in two banks of six 
coupled in parallel to the extract fan. Each filter is 
individually mounted in a cell on the manifold, in orde 
to minimize the hazard during filter changing. T) 
Absolute filter has a guaranteed efficiency of 99-95 
removal of particles in the range 0-1 to 0-5 micron i 
diameter. For particle sizes greater than 1-0 micron 
the efficiency of removal is virtually L00°,. The state 
of each filter is shown by a manometer. 

The extract air is drawn from the laboratory through 
working boxes and hoods, which are coupled to the main 
extract ducts. The maximum linear air velocity in th 
main extract ducts is 1,000 ft. min. 

The extract filter system has been designed so that a 
filter can be changed with the ventilation plant running. 
The filter cell is first isolated from the system by the 


Working box for experiments on oxidation and heat 
treatment of beryllium. 
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insertion of blast plates above and below the cell. Two 
further blast plates are then inserted integral with the 
filter, thus sealing both faces of the filter element. The 
eight toggle clips holding it on to the manifold are then 
released, and the filter is removed. 

The quantity of air extracted from the laboratory is 
vreater than that admitted through the inlet manifolds. 
This ensures that a slight negative pressure is created in 
the laboratory, so that air leakage can only occur into the 
huilding. 

A duplicate set of fan motors and starters is installed. 
The motors are arranged for two-speed operation so that 
theventilation plant can run at approximately half-speed 
during non-working periods in the laboratory. The 
tarter switches for the fan motors are interlocked 
mechanically and electrically. It is not possible to start 
the inlet fan until the extract fan is running, and failure 
of the extract-fan motor automatically switches off the 
inlet fan. Failure of the extract system initiates a visual 
and audible alarm. 

Working -Boxes 

Initially. all experimental procedures involving the 
handling of beryllium will be carried out in ventilated 
working-boxes, each designed around a specific operation. 
All operations involving the formation of beryllium dust 
or chip (for example machining, abrasion, and welding) 
are confined to Laboratory A, where the highest ventila- 
tion rate is available. 

The boxes are of two types. For experimental work at 
devated temperatures they are constructed from sheet 
metal, on an angle-iron frame. For general laboratory 
techniques, such as metallography, a Perspex hood is 
attached to a conventional bench. Access to the interior 
of the hood is gained through a Perspex working face. 
This face incorporates a single hinged door, opening 
outwards, and a series of sliding doors. The hinged door 
provides a single maximum opening in the box, which 
can be subdivided by means of the sliding doors. For 
welding work, a glove-box is used ; access to this box is 
gained by means of arm-length rubber gloves sealed to 
the working face. This arrangement is, in fact, the 
familiar dry-box modified to accommodate a high air 
velocity. 

Operating Procedure 

In spite of the elaborate precautions taken in the 
design of the installation, it is essential, if all risks of 
beryllium poisoning are to be completely avoided, for 
each laboratory operation to be proved safe before it is 
illowed to be conducted on a routine basis. Therefore, 
vhile a complete change of clothing followed by a shower 
at the end of the day is obligatory, even for normal work 

in the laboratory, each new operation is initially per- 
formed in fully protective clothing with an external air 
line. Using this procedure, the operation in question can 
be carried out while air samples are taken at a number 
of points in the immediate vicinity of the operator. 
These samples provide a means of ascertaining that the 
operation can be conducted safely, that is without 
exceeding, or indeed approaching, the maximum 
permissible level for atmospheric beryllium concentra- 
tion. Once this has been established, the work can be 
continued without an air line or the associated protective 
clothing. 

Beryllium monitoring is difficult, and at present the 
use of spectrochemical techniques on a batch-sampling 
basis provides the best safeguard. In collaboration with 
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Lathe enclosed in its Perspex working box. 


the G.E.C. Research Laboratories at Wembley, a sampI- 
ing and analytical scheme has been established using air 
samples of about 10 cu. m. By the methods employed, 
as little as 0-015 yg. of beryllium can be detected. 

In addition to air monitoring on specific operations, 
routine background samples are taken daily in’ the 
laboratory over a period of eight hours. Additional 
monitoring is employed for any unusual circumstances 
such as swabbing down machines, or for any minor 
spills ; on these occasions, fully protective clothing is 
worn. 

Beryllium Storage and Waste Disposal 

A fireproof safe is used as a store in which all beryllium 
is kept when not in use and when the laboratory is 
closed. The disposal of solid waste contaminated with 
beryllium will be carried out in the manner adopted by 
the U.K.A.E.A., that is by burial in sealed containers. 


I.E.A. Exhibition 


THE second Instruments, Electronics and Automation 
Exhibition will be held at Olympia, from April 16th to 
25th, 1958, when dozens of firms from Western Europe 
and the United States will be exhibiting alongside an 
increased number of British firms. With its greatly 
widened scope, the Exhibition is expected to attract even 
more visitors than the 53,000 who attended last year. 

As last year, the highlight will be the Conference 
which will be held concurrently with the Exhibition, and 
in the same building. Each weekday, from April 17th 
to 24th, inclusive, there will be a lecture on some aspect 
of instrumentation, followed by a discussion. Thermo- 
nuclear developments will be covered by Dr. S. Kauf- 
mann, who will talk about A.E.I.’s Sceptre 3, and Dr. 
E. B. Dorling and Mr. L. C. Nickolls will deal with 
instrumentation in high altitude rockets and forensic 
science. Growing interest in computers will no doubt be 
reflected in the attendance at Dr. A. D. Booth’s lecture 
on computers and numerical automation. The last 
two speakers will survey instrumentation in industry, 
Mr. 8. J. W. Wallis in petrochemicals and Mr. B. O. 
Smith in iron and steel. There will also be two “popular” 
lectures from 6 to 7 p.m. on Friday, April 18th and 
Wednesday, April 23rd, 
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Translations Available 


Some of the translations announced in Lists 19 and 
20 of the Co-operative Translation Service are listed 
below. Translations identified by a number may be 
obtained from the Service at The Iron and Steel Institute, 
4, Grosvenor Gardens, London, 8.W.1. Those identified 
by the letters BT followed by a number are made avail- 
able by Mr. H. Brutcher, from whom they may be 
obtained at P.O. Box 157, Altadena, California, U.S.A. 


No. 


704 


} MALLET : 


2 KRUGER and SCHMIDTMANN: 


834 


859 


3856 
3886 


4017 


4053 


4056 


4058 


Title 


“Testing and Evaluation of Binders 
for Foundry Sands.”’ Giesserei-Praxis, 1957, 75, 
(8), Apr. 25th, 176-181. (£2 15 0). 

HULTGREN et al.: “Isothermal Transformation of 
Austenite.’’ Jernkontorets Ann., 1951, 185, 403-494. 
(£10 0 0, text only. The 105 illustrations can be 
supplied for an additional £3 10 0). 

“The Montataire Works of Usinor. 
Continuous Pickling Line—New Four Stand Mill— 
Annealing Plant—Skin Pass Mill.’ Tech. Mod., 
1957, 49, (7), July, 87-93. (£4 10 0). 

JOBARD: “ Four-high Cold Reversing Mill, Anneal- 
ing Plant and Two-high Skin Pass Mill of the 
S.A.F.E.”’ Tech.Mod., 1957, 49, July, 108-110. 
(£2 15 0). 
DUBININ : 


REININGER : 


“Diffusion of Niobium into Steel from 
the Gas Phase.’ Zhur. Tekhn. Fiziki, 1952, 22, 
(11), 1730-1740. (£3 10 0). 

BARTSCHINGER: “‘ Nodular Graphite in Cast Iron.” 
Schweizer Archiv, 1949, March, 75-84. (£5 10 0). 
NEUHAUS: ‘The Behaviour of Hydrogen in the 
Blowing of Steel in the Oxygen-Steam Converter 
Process.’’ Stahl u. Eisen, 1957, 77, Dec. 26th, 
1863-1867. (£2 15 0). 

“Effect of the 
Hydrogen Content on the Mechanical Properties of 
Converter Steels Blown with Oxygen and Steam.” 
Stahl u. Eisen, 1957, Dec. 26th, 1868-1873. (£4 100). 
KALLING and JOHANSSON: “ Refining with Oxygen 
in the Rotary Furnace according to the Kaldo 
Process.”’ Stahl u. Eisen, 2957, Dec. 26th, 1885- 
1887. (This paper supplements the report published 
in Stahl u. Eisen, 1957, 1308-1315, and includes 
discussion). (£3 0 0). 

KNUPPEL et al.: ‘*‘ Temperature Measurement in the 
Basic Bessemer during the Blow.’ Stahl u. Eisen, 
1956, 76, Nov. Ist, 1410-1416. (£5 10 0). 
yupovitcu: ‘Use of Protective Coatings (of 
Waterglass) for Decreasing Steel Decarburization.”’ 
Stal, 1957, Jan., 69-71. (£2 0 0). 

PATKOVSKII: ‘*‘ New Trends in the Design of Sinter 
Plants.”” Stal, 1955, 15, (3), 208-215. ($9-75). 
EDSTROM : “ Reduction Structures of Iron Powders.”’ 
Jernkontorets Ann., 1956, 140, 116-129. ($5-85). 
GUREVICH: ‘ Variation of Mechanical Properties of 
Vacuum-melted and Vacuum-cast Steel Ingots in 
Different Directions.’’ Stal, 1956, 16, (9), 815-817. 
($3-20). 

IOFFE and Popov: “ How to Increase the Output 
of Vacuum-annealing Furnaces for Transformer 
Sheet.’ Stal, 1957, 17, 948. ($2-50) 

GARNYK and SAMARIN: “ Vacuum Metallugy (of 
Steel)—Deoxidation and  Desulphurization in 
Vacuum.” IJzvest. Akad. Nauk S.S.S.R.,  Otd. 
Tekh. Nauk, 1957, May, 77-84. ($6-50). 

SELKIN and ZADALYA: “ Prevention of Brown 
Fumes when Blowing Oxygen through Steel Baths.”’ 
Stal, 1957, 17, 884-887. ($5-85). 

DNEPRENKO and I0FFE: “ Prevention of Decar- 
burization of Alloy Steels during Annealing in 
Controlled Atmospheres.” Stal, 1957, 17, 934-935. 
($4-50). 

ROSSOSHINSKII: ‘“‘ Development of Structure of 
Welds in 18-8 and 25-20 Cr-Ni Steels by Electro- 
polishing and Electroetching..”’ Avtom. Svarka, 
1953, 6, 52-55. ($2-50). 


667 PLOCKINGER and ROSEGGER : 


Deoxidation 
Technological Characteristics of Killed Basie 
verter Steels. Part I—Deoxidation Process ag waa 
as Aspect and Composition of Deoxidation Producti 
Stahl u. Eisen, 1957, 77, May 30th, 701-7] 
Part II—Inclusions, Degree of Purity, and 
Mechanical and Technological Properties, 
June 13th, 798-804. (£9 0 0). 
ZURCHER: “ Machines for Processing Medium agg 
Heavy Plates.”’ Stahl u. Eisen, 1955, 75, Sept, 8th, 
1182-1188. (£3 5 0). 
BLAIN: “ Preset Reduction Skin-pass Mill.” Degh 
Mod., 1957, July, 103-104. (£2 0 0). 


9 rriry : “ The New Plate Plant at the Longwy Work 


of Lorraine-Escaut.”” Tech. Mod., 1957, July, it 
118. (£3 10 0). 


776 TRENTINI and ALLARD: “ Refining of Phosphoric 


Iron, and especially Basic Bessemer Iron, with 
Pure Oxygen by the IRSID Process.’ Centre Dg. 
Sider., Cire. Inform. Tech., 1957, 14, 2259-2966, 
(£2 0 0). 

ZBOROVSKY et al.: ‘“‘ Hydrodynamics of (Proof of 
Convection in) Liquid Steel in Ingot Moulds.” Stal, 
1957, 17, Jan., 24-30. (£4 10 0). 

WEVER et al.: “Supervision and Control of the 
Basic Bessemer Process by Evaluation of the 
Temperature Radiation of the Bath and the Spee. 
trum of the Converter Flame.’ Stahl uv. Eisen, 1955, 
75, May 5th, 549-559. (£7 0 0). 


2 WENGLER and AUSEL: “ Application of Complexo. 


5} SCHWARZMAIER : 


872 


3916 


3980 


4049 


4082 


4084 


4096 


4100 


4101 


4110 


metric Analysis in a Steelworks Laboratory,” 
Arch. Eisenhuttenwesen, 1957, 28, Jan., 7-12. (£400), 
NEUMANN: “ Application of the Cold Pilger Process 
and Comparison with Cold Drawing.’ Z. Metallk, 
1957, 48, Oct., 564-568. (£3 0 0). 

SPEITH ef al.: ‘* Desulphurisation in the Basie 
Open-hearth Process.’’ Stahl u. Eisen, 1958, %, 
Jan. 9th, 27-34. (£5 10 0). 

“Continuous Casting of Tubes,” 
from Stranggiessen-Entwicklung 
Anwendung,” Berliner Union, G.m.b.H., Stuttgart, 
1957; 146-161. (£6 5 0). 

OLETTE and HANIN: “ A Note on the Determination 
of Oxygen in Steels.” Berg- u. Huttenmannisch 
Monatsh., 1953, 100, 238-244. (£3 10 0). 
FEICHTINGER: “ A Further Development in Vacuum 
Hot Extraction Analysis.’’ Berg. u. Huttenmannisch 
Monatsh., 1953, 100, 230-238. (£5 0 0). 
PFLAUME: “ New Developments in Furnace Con- 
struction for Drop Forgings.’’ Fertigungstechnik, 
1957, 7, Feb., 63-64. (£1 10 0). 

LASHKO : “ Equilibrium Diagram of Nickel-Silicon.” 
Dok. Akad. Mauk S.S.S.R., 1951, 81, 605-607. 
(£1 5 0). 

FIGELMAN and SHREIDER : 
Hydrogen Embrittlement of Steel.” 
1956, 22, May, 586-588. (£1 5 0). 
KOZHANOV and RoGov: ‘ Use of Compressed Ait 
for a Sharper Flame in the Openhearth Furnace.” 
Metallurg, 1956, 1, 18-21. ($2-25). 

sADOvsKiI: Discussion of Temper Brittleness 
a Summation. Part I. Metall. Obra. Met., 1951, 
June, 24-31. ($8-80). 

HOLTHEN: “ Metal Colouring.’’ Part Colour: 
ing of Iron and Steel.’ Metallwarenind. u. 
vanotechnik, 1957, 48, May, 214-215. ($2-50). 
SMIALOWSKI: ‘* Behaviour of Hydrogen in Iron 
(Steel).”’ Newe Hutte, 1957, 2, 621-626. ($9-75). 
TARAN and skuGOoROVA: “ Boronizing of Working 
Surfaces of Low Alloy Steels.” Vestnik Mashino- 
stroeniya, 1957, 37, 62-65. ($3-80). 

ARSENTEV and oRLOVA: ‘“* Non-metallic Inclusions 
in Spheroidal Graphite Cast Iron.” Lit. Proizv., 
1957, Apr., 23-24. ($3-80). 

LUEG et al.: “Study of Oils and Emulsions for 
Lubrication in  Cold-rolling Trials.’ Part 
Stahl u. Eisen, 1957, '77, 1817-1830. ($18-75). 
UENO et al.: ‘* Elimination of Copper from Molten 
Pig Iron.” Tetsu to Hagane, 1957, 48, 265-266. 
($1-80). 

HUSAREK : “‘ Automatic Electromagnetic and Ultra 
sonic Inspection of (Steel) Billets.’’ Stahl u. Eisen, 
1957, 77, 1483-1487. ($6-60). 
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